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The PublMiera heg leave to caM the atieniion o/thepubUc to 

ihefoUomng unsolicited notices of the Elementary 

Geology f from gentlemen eminently 

quaUfted to/ttdge of its merita. 



From Oidbon A. Mantell, LL.!). F.R.S. F.G.S^ <fro., ^ London, Aotbor 

OF THK Wonders of Gsoloot, <fco. 

**1 htLve obtained a oopj of your Treatise on Qeolo^. It is an aclnurabl« 
work. It has been my carriage companion for some tmie." 



From Prof. R Siluman, LL.D. of Tali Oolugk. 

" I am greatly in fault in not having answered your land letter of Aug. 
30th, with a copy of your valuable work on Geology. I took the work wita 
me to the West, in toe expectation of looking it over; and although I fi^ed 
to read it satisfactorily, I glanced at it enough to convince me of its high 
value, and shall reoommena it in my Lectures." 

Rev. Professor BuoUand, D.D., F.£LS^ in his Address before the Londoc 
Gkologieal Sociefy in 1841, uses the following laQffitBge in allTidiDg to thl- 
work : — ** We leani from ProfiBssor Hitchoodc's ezoSlent work on BlMnentar}' 
Oeology,** ise. 

From Prof. C. Dkwst, of Boghbster, K. Y. 

** I introduced your Geology into our Academy. Part of it is hard reason 
in^ for minds not pretty well matured. Still it is so vastly better than any^ 
thmg in the English language with which I am acquainted, that I boast 
over it It is admirable for the OoUege course." 



From Prof. Hcnrt D. Rookrs, of thb TTNivBRSiTr of Pennstlvania. 

« I thank you sincerely for a copy of your work, and yet more for present- 
ing us with an Elementary Treatise on Geology in a form so well adapted to 
the wants of instructors. Having for several years past felt the want of just 
such a book for my Glass in the University, I hailed its appearanoe witb^real 
satasfoetioQ.'* 



From Prof. W. W. Mather, Geologist to one of tbb Dibtrioib or N. York, 

and to the State of Ohio. 

" I have examined your little work on Geology with much interest and eat- 
isfiftction. It presents a large mass of matter m a small compass ; is lucid, 
eondse, and its materials are arranged in the most convenient form for the 
student. It seems to form a happy medium between the more elementary 
books for sdiools, and those for the more advanced students of geology. Its 
copious references to various works on geology, will be a ffreat advantage to 
those who dioose to go to the original sources and dive deeper into the va- 
rious subjecto discussed." 



2 RECOMMENDATION«l. 

Faom Frof. J. W. Baost, of ths Miutakt Aoadkict, Wist Point. 

" I have recently' perused with much pleasure, your Blementaiy Geolofijy, 
and oonsider it a most valuable contribution to science, and highly creditable 
to yourself and our country. I am glad we have such a work to whidi to 
re&r students. If I had Imown of your publication sooner, I should have 
adopted it as our text book; but the class had already provided themselves 
with Lyell's work. I shall recommend its adoption next year, if, as is idmost 
certain, I meet with no work in the meantime better suited to our peculiar 
wants at this InstitntioiL 



From Peof. 0. £. Adahb, of Middlebuet Ck>LLKOx. 

"Your elementary book on geology has afforded me great pleasure; and 
I have, since our catalogue was printed, adopted it as a text book.* 



ThefoUcmng notices of the work, from among the many that have appeared, 
have been selected from some of the leading periodicals of the country. 

Fbok the Amekioan Journal of SoncNCB and Aets, foe Ootobee, 1840. 

" The readers of this Journal and those who know the progress of Ameri- 
can Geology, are well aware of the important services Prof. Hit6hco<^ has 
rendered to this branch of science, through a period of many years, both by 
Ms laborious explorations and his written works. In the present instance, 
he has attempted to prepare a work which shall fill a vacancy long felt by 
the instructors of geology in this country, a work which, wmle it gives a 
good view of the progress of the science in other countries, draws its illus- 
trations mainly from American £ftcts. From the rapid glance which we have 
been able to bestow upon this performance^ we should think that Prof. 
Hitchcock had succeeded in imparting this feature to his book." 



Feoic the Amxeioan Biblical Repositoet, foe Ogtobbe, 1840. 

** Ilie appearance of this volume from the pen of Prof. Hitchcock, will be 
peculiarly gratifying to many in the community. It is designed to be used 
as a Text Book for classes in geology, in colleges and other seminaries of 
learning, and also to supply the wants of the general reader, who has not 
the leisure to study the numerous and extended treatises that have been 
written cm different heads of this subject. I^e plan of it, we think, is admi- 
rably adapted to the first of these uses, and nearly or quite as well suited to 
the second." , 



Feou the Noeth AicxEioAN Bbvixw, foe Januaet, 1841. 

** Professor Hitchcock has been too l<ms and favorably known to scientific 
men, both of the new world and of the ol4 to make it necessary for us to say, 
with what ample qualifications he undertakes the task before huou His work 
is no 'seeondiury formati(Mi,* based on the puUished works of European writ* 
ers, but in ever^r part bears the impress of acute and original observation, 
and happy tact in presenting the immense variety of subjects treated in tiie 
following sections into which the book is divided. 

** The fifth section is devoted to Organic Remains. It occupies one fourth 
of the whole work, and is illustrated with the best cuts in the book. We ven- 
ture to say that there is not in our language so neat and compressed, yet so 
clear and correct an account of the * Wonders of Geology.* " 
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PREFACE. 

Is preparing this work, three olgeots have been kept 
principally in view. The first was to prepare a Text Book 
for my Glasses in Geology ; the second, to bring together 
the materials for a S3mopsis of Geology, to be appended to 
my Einal Beport on the Geology of Massachusetts, now in 
the press : And the third was, to present to the public a 
condensed view of the present state of geological &ctB, 
theories, and hypotheses ; espedaUy to those who have not 
the leisure to study very extended works on this subject 
In its execution, the work differs from any with which I 
am acquainted, in the following particulars : 1. It is ar- 
ranged in the form of distinct Propositions or Principles, 
with Definitions and Proo&; and the Inferences follow 
those principles on which they are mainly dependent 
This method was adopted, as it long has been in most other 
sciences, for the conyenience of teaching ; but it also en- 
ables one to condense the matter very much. 2. An attempt 
has been made to present the whole subject in its proper 
proportions ; viz. its fiicts, theories, and hypotheses, with 
their historical and religious relations, and a sketch of the 
geology of all the countries of the ^obe that hare been ex- 
plored. All geological works with which I am acquainted, 
either omit some of these subjects, or dwell very dispropor- 
tionably upon some of them. S. It is made more Ameri- 
can than republications from European writers, by intro- 
ducing a greater amoimt of our geology. 4. It contains 
copious references to writers, where the different points 
here briefly discussed, may be found amply treated. 6. It 
contains a Pakeontologicdl Chart, whose object is to- bring 
tinder a glance of the eye, the leading &cts respecting or- 
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ganic remains. Whether these peculiarities of the present 
work will be regarded by the public as improvements, im- 
portant enough to deserve their patronage, time only can 
show. 

Type of two sizes is employed in this work. The most 
important principles, facts, and proofe, are in larger type, 
to call the special attention of the student or reader ; while 
many of the details and remarks are in smaller type. The 
sul^ect is subdivided into the following heads, whose ab- 
breviations will not need explanation: via. BefiniSiixm; 
PHncipIe; DescripUofn; Infereruie] Bemath; Proof; DeUdla; 
lUust/roilionr. Where an inference depends upon several 
principles, I have added a ^mopsis of all the proo& on 
which it rests. 

In European countries especially^ and to a good degree 
in our own country, geology has become a popular and 
even &shionable study. In most of our higher Seminaries 
of learning, it is explained by at least a course of lectures. 
But in Institutions of a lower grade, it receives £xc less at- 
tention than its merits deserve. -yWhy should not a science, 
whose fa^ possess a thrilling interest; whose reasonings 
are admirably adapted for mental discipline, and often 
severely task the strongest powers ; and whose results are 
many of them as grand and ennobling as those of As- 
tronomy itself; (such Astronomers as Herschel and Whe- 
well being jtidges,*) why should not such a science be 
thought as essential in education as the kindred branches 
of Chemistry and Astronomy ? "rThat all the parts of this 
Science are not yet as well settled as those of Astronomy 
and Chemistry, is no objection to making it a branch of 
education, so long as every intelligent mtan must admit 
that its ftmdamental facts and principles are well established. 

Amhbrst College, Aug. 1, 1840. 



* '' Geology, i& t3ie magiiitade and sublimitj of the oljects of which it 
treats, undoubtedly raolra, in the spale of soiencee, next to astronomy.'* — Bit 
John BereekeL 



PRBFAOB TO THE THIRD EDITION. 

In pi^senticg thus early a third edition of this work to 
the ptlblic, I will only say, that I have done all in my 
power to introduce into it all the important discoveries and 
improvements which have been recently made in the science. 

To enforce still more strongly the remarks of Dr. Smith, 
in tibe unsolicited Introductory Notice of this work which 
follows^ respecting the importance of an acquaintance with 
Geology to the minister and the missionary, I will quote a 
few senibeaces from the letters of two esteemed misdonary 
friends, now in active service in distant lands. Eev. Jus- 
tin Perkins, D. D. American Missionary in Ooroomiah in 
Persia, under date of Oct, 1, 1889, thus writes : 

"Did not my missionary work press upon me so con- 
stantly, and with such mountain weight, 1 should feel 
strongly tempted to Bivdj geology, (of which I know very 
little,) so wonderfully interesting, in a geological point of 
view, does the fece of Persia appear to me. Indeed, I often 
feel that this interesting and important science has peculiar 
claims on American Missionaries. Visiting, as they do, all 
portions of the world, they enjoy opportunities of con- 
tributing to it| witii almost no sacrifice of time or eflTort^ 
which are possessed by no other class of American citizens. 
I know not that I can better atone for my own deficiency 
in this respect, than by requesting you, in my behalf, to 
urge upon the missionary students in College, the high im- 
portance of their obtaimng a good practical knowledge of 
geology and mineralogy, while attending your lectures, as 
they would enhance their useftilness, in ftiture life. It is 

the combined light of att. truth, scientific^ as well as re- 

1* 



X FBEFAGE. 

Kgiotu^ which is to render so perfect and gloiions the splen- 
dor of millemal day P 

Bey. Ebenezer Burgess, Missioiiary at Ahmednnggur in 
India, writes nnder date of Nov. 1, 1841, as follows: 

^^Did I possess an intimate acquaintance with mineral- 
ogyj it woold be of great use to me in going oyer the conn- 
try. When we go out to eyangelize, it is yeiy pleasant to 
be able to geologize and bokmize; and such abilities render 
our trips &r more subservient to the preservation of health. 
Ithink students err yeiymucli in not deyoting to your de- 
partm^it (in Gollege) the full amount of time which is 
allotted to it in the course of studies. Perhaps they do 
differently in these days of reform. Ey eiy indiyidual, who 
has a moderate ability for such studies, could with a little 
system and resolution, and without detriment to ids other 
studies, acquire that knowledge of these branches which 
would be of great yalue to him in after life, especially if he 
. intends to be a missionary. There ard times when an ad- 
ditional source of relaxation or amusement is worth just 
about a man's life. There is now an indiyidual connected 
with this mission, who has been raised fix>m a state of great 
debility and weakness by turning his attention to botany 
and mineralogy ; at least, such appear to be the means 
which God has used. Of all situations, the missionary in 
heathen lands most needs pleasant sources of relaxation. 
When his mind sinks to a certain point under discourage- 
ment, or the weight of responsibility, if he has nothing 
with which to diyert it, it begins to prey upon itself; and 
then there is no remedy but to leaye the field." 

AMMMBSt OOIUBGBi -^prtl, 1848. 



PBEFAOE TO THE TWENTY-EIFTH EDITION. 

So rapid is the progreBS of geology, espeduillj in itsftotSi 
that a treatise on the sabject mnst be recast eyeiy fewjeais^ 
This has been done several times with the present work^ 
but never so thoroughly as in this edition. Great additions 
have, also, been made of new &cts and reasonings. Sec- 
tion YI has been entirely remodeled, and mostly re-written ; 
presenting those conclusions on the subject of SuerfosM 
Geology y which have been the result of many years study 
both in this country and in Europe. I have also made 
large additions to the Section on Paleontology, having re- 
constructed most of the Tables; which I have been able to 
do by the aid of the Index PaleorUohgicue of Professor 
Bronn. More than 80 new wood cuts have been added, 
and many new subjects introduced. 

In the eighth edition of this work it was announced, that 
I was about publishing a little work, entitled. An OuiHne 
of the Oealoffy of the Qhbe^ and ofihe Unitei JStcUea in par- 
ticula/r; with a Geological Map of the whole Earth, and 
another of the United States, and Six Plates of character- 
istic American Fossils. A variety of causes has kept back 
this work, which is intended as a companion of the Ele- 
mentary Gteology, — until now. But it is just brought out 
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by PhillipSy Saxnpflon, & Co., in Boston, in a 12mo. of 129 
pages. To those wlio may wish to go more into detail 
respecting the religioTis bearings of geology, I wonld say, 
that the same publishers have issued a work by myself en- 
iill^&dL^iheBeligionofQ^hgyariii^ They 

have, also, republished a little work, entitled Chnesia and 
Geoiogiy, iy Ikmis Oregon ; which, to those somewhat Teeaed 
in Hebrew and Greek, will be found very satisfEtctory. 

i^nmig OeuMO^ January^ C, IBM. 
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INTRODUCTORY NOTICE 



ST TBI I.ATB 



DR. J. PTK SMITH, OV LOKDOK. 

IN a manner miezpeoied and remarkable, the opporkuiity Hai 
been presented to me of bearing a pnbUo testimony to the yalne 
of Dr. Hitchcock's yolome, Elementart Geoloot. This is 
gratifying, not only because I feel it an honor to myself, bat 
much more as it excites the hope that, by this recommendation, 
theological students, many of my younger brethren in the evan- 
gelical ministry, and serious christians in general, who feel the 
duty of seeking the cultivation of their own minds, may be in- 
duced to study this book. For them it is peculiarly adapted, as 
it presents a comprehensive digest of geological facts and the the- 
oretical trutlis deduced from them, disposed in a method admira- 
bly perspicuous, so that inquiring persons may, without any dis- 
couragu3g labor, and by employing the diligence which will bring 
its own reward, acqiure such a knowledge of this science as cannot 
fail of being eminently beneficial. It is no exaggeration to affirm 
that Geology has close relations to every branch of Natural His- 
tory and to all the physical sciences, so that no district of that 
vast domain can be cultivated without awakening trains of thought 
leading to geological questions; and, conversely, the prosecution 
of knowledge in this department, cannot &il to excite the desire 
and to disclose the methods of making valuable acquisitions to the 
benefit of human life. In our day, through every degree of eX- 



Zn INTRODUCTORY NOTICE. 

teoayenefls, from the perambulation of a parish to the exploring 
of an empire, travelling has become a *' universal passion," and 
action too. Within a very few years, the interior of every conti 
nent of the earth has been surveyed with an intelligence and ac- 
curacy beyond all example. Who can reflect, for instance, upon 
the activity now so vigorously put forth, for introducing European 
civilization, the arts of peace, the enjoyment of jeqmrityi and the 
influence of the most benign religion, into the long sealed territo- 
ries of Oentral Asia, and not be filled with astonishment and de- 
lightfol anticipation ? Similar labors iare in progress upon points 
and in directions innumerable, reaching to the heart of all the 
other vast regions of the globe ; and the men to whom we owe so 
much, and from whom so much more is justly expected, are geol- 
<3sgi0t8y as well as transcendent naturalists in the other depart- 
ments. Whoever would run the same career must possess iJie 
sanio qualifications. Even upon the smallest scale of provincial 
travelling for health, business^ or beneficence, ac(j[uaintance with 
natural objects opens a thousand means of enjojrment and useful- 
ness. 

The spirit of these reflections bears a peculiar application to 
the ministers of the gospel. To the pastors of rurid congr^ga- 
tions, no means of recreating and preserving health are compara- 
ble to these and their allied pursuits i and thu% also, in many 
temporal respects, they may become benefactors to their n^h- 
bcMTS. In large towns the establishment of libraries, lyceums, bo- 
tame gardens, and scientific associations, is rapidly difluwug a taste 
for these kinds of knowledge. It would be a perilous state for the 
interests of religion, that '^ precious j^wel" whose essential chttr* 
acters are " wisdom, knowledge, and joy," if its profeasionsi teach- 
ers should be, in this respect, inferior to the young and inquiring 
members of their congregations. For those excellent men who 
^ve their lives tq the noblest of labors, a work which would honor 
aii^els, " preaching among the heathen the unsearchable riches of 
Christ;" a competent acquaintance with natural objects, is of sig- 
nal importance, for both safety and usefulness. They should be 
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able to distingoish mineiil and vegetable prodacts, 80 as to gtiard 
against the pernicious and detennine the salubrioiis ; and tery 
often geological knowledge will be f)Tmd of the first utility in fix 
ing apon the best localities for missionary stations ; nor oan they 
be insennble to the benefits of wbioh they may be the agents, by 
commnnioating disooTOTies to Barope or tiie United States of 
America. 

To answer these purposes, a;nd especially in the hands of the 
intell^nt and studious ministers of Christ, this work of Pro> 
fessor Hitchcock appears to me especially suited. Though I flat- 
ter myself that I have studied with advantage the best English 
treatises on Geology, and find ever new improvement and pleasure 
from them; and have also paid somie attention to French and 
German books of this class ; I think it no disparagement to them 
to profess my conviction that, with the views just mentioned, this 
is the book which I long to see brought into extensive use. The 
plan on which it is composed, is difierent from that of any other, 
so far as I know, in such a manner and to such a degree, that it is 
not an opponent or rival to any of them. Yet, in this arrange- 
ment of the matter, there is no afiEectation : all is plain, consecu- 
tive, and luminous. It is more comprehensive with regard to the 
various relations and aspects of the science, than any one book 
with which I am acquainted ; and yet, though within so moderate 
limits, it does not disappoint by unsatisfactory brevity or evasive 
generalities. Such is the impression made upon me by the first 
edition of the " Elementary Goology," and I cannot entertain a 
doubt but that the ample knowledge and untiring industry of the 
author will confer every practicable improvement upon his pro- 
posed new edition. 

I received a deep conviction of the Professor's extraordinary 
merits, from his '^ Beport'' upon the Geology, Botany, and Natu- 
ral History generally, of the Province of Massachusetts, made by 
the command of the State government ; a large volume, published 
m 1833, and the second edition in 1835; and from his papers in 
the "American Biblical Bepository,'' which were of great service 
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to me in oomposiiig a book on '< The Bektion between the Holy 
Scriptures and some parts of Oeologioal Science." Bat I did not 
till recently know that he was a "fidthfiil brother and fellow- 
labors in the goflpel of Ohrist" An edifying manifestation of 
this, it has been my priyilege to receive in Dr. Hitchcock's *' Es- 
say and Sermon on the Lessons taught by Sickness," prefixed to 
^' A Wreath for the Tomb, or Extracts from Eminent Writers on 
Death and Eternity." It is my earnest prayer that great bless- 
ings from the Qod of all grace may attend the labors of my hon- 
ored friend. 

J. PYB SMITH. 

HOKBTOH OoiXIOl^ HKAE LOKDOV, 

Mwdi 16, 1841. 



ELEMENTARY GEOLOGY. 



SECTION I. 



Sl oenebal account of the constitution and structu&b or 

THE EARTH, AND OF THE PBINOIPLES ON WHICH EOCKS ARE 

CLASSIFIED. 

D^nition. Geology is the history of the mineral masses that 
ooiiq)ose the earth, and of the organic remains which they contain. 

Remark 1. Some writers diyide Geology into two branches * 1. Qhogjuwyt 
or Poaitiye Geology, which embraces only the known facts oi the seienoe. 
2. Oeogony^ or Specolatiye Geology, whien attempts to point out the caoses 
of those fiicts, and the inferences that result from tnem. See TraiU EUmet^ 
iaire de Cholme par Jf* RtMut : Discouri Preluninair$f p, Y. Also, J^ieL 
(HoMnque <f Sigt. NatwrelU : Art, O^ologie. Others make three diyisions. 
1. Physical Geography. 2. Geognosy. 8. Geogony. See JSlementa de Geo- 
logUtpar J, G. (^nalius d' Halloi/, p. 1. Otibers embrace all legitimate 
theory under Geogony, and confine the hypothetical part of the subject to 
Geology. See T<iileau dea Terraina, par Alexandre Brongniart, p. 2. But 
these mstinotions are of Httle importance, and not much used by English and 
American writera 

Bem,.^. A very philosophical and excellent division of Geology is pro- 
posed by ProiesBor VHiewell 1. Deter ipHve^ or Phenomenal CMogy, em- 
oraces the facts. 2. C^ologieal Dynamiee giyes an exposition of the general 
principles by which such phenomena can be produced. 3. Phydeal Geology 
states the doctrines as to what have been the causes of the existing state of 
things. History of ttie Inductive Seieneee, Vol. iil, p. 488, London, 1887. 

&nL 8. A division of geology of some practical yalue is the following : 

1. Meonomieal Geology , or an account of rocks with reference to their pe- 
euniary value, or immediate application to the wants of society. 

2. Seenographieal Geology, or an account of rocks as they exhibit them- 
selyes to tne eye in their general outlines : in other words, an account of 
natural scenery. 

Obeervation, With the exception of y^^tation, natural scenery is all pro- 
duced by the rocks that constitute the surface : and the geologist can often 
determine the nature of rocks by the peculiarities of their great outlines. 

8. Seientijic Geology, or the history of rocks in their rektion to sdenoe or 
philosophy. 

Def, Every part of the globe, which is not animal or vegetable^ 
includmg water and air, is regarded as mineral. 
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Def, The term rock^ in its popular aooeptation, embraces only 
the solid parts of the globe ; but in geological language, it includes 
fdso the loose materifus, the soils, clays, and gravels, — ^that cover 
the solid parts. 

Principle, The form of the earth is that of a sphere, flattened 
at the poles : technically, an oblate spheroid. The polar diameter 
is about 26 miles shorter than the equatorial. 

Proof 1. Measurement of a de^ee of the meridian in different ladtudoBL 
2. Aetronomical phenomena ; particularly the precession of the equinoxes. 

Inference, Hence it is inferred that the earth must have been 
once in a fluid state ; since it has precisely the form which a fluid 
globe, revolving on its axis with the same velocity as the earth, 
would assume. 

Frin, Taken as a whole, the earth is about five times heavier 
than water ; or 2.5 times heavier than common rodts. 

Proof 1. Careful observations upon the reUtive attracting power of par- 
ticular mountaias and the whole globe, with a zenith sector. 2. The distarb- 
ing effect of the eartii upon the heavenly bodies. 

Inf. We hence learn that the density of the earth increases 
from the surface to the centre ; but it does not follow that the na- 
ture of the internal parts is different from its crust. For in con- 
sequence of condensation by pressure, water at the depth of 362 
miles, would be as heavy as quicksilver ; and air as heavy as water 
at 34 miles in depth : while at the centre, steel would be com- 
pressed into one fourth, and stone into one eighth of its bulk at 
the surface. Mrs,SomerviJl^s Connexi(m(tf the Physi(ud Sciences^ 
p. 91. Fifth London Edition. 

Description. The surface of the earth, as well beneath the 
ocean as on the dry land, is elevated into ridges and insulated 
peaks, with intervening vallies and plains. Rozety p. 86. 

Descr, The highest mountains are about 28,000 feet above the 
ocean level, and the mean height of the dry land does not exceed 
two miles. De la Beckys MantuU of Gedogy^ p. 2. Third Edition, 

DetaiU, The height of a few of the most elevated mountains on the globe 
is as follows : See jSuiydopfadia of Geography^ voL iii^ p. 605. 

Himmalayah Mountams, £. Indies, 27,677 feet. 

Bocky Mountains, * 12,000 " 

MounaKea, 18.000 <* 

Ohimboraso, Andes, 21,000 " 

Ararat. 17,700 " 

Mount Blanc^ Europe, 16,668 '* 

Descr, The mean depth of the ocean is probably between two 
and three miles. De la Beckis Man. Geo. p. 2. It has been 
calculated from the phenomena of tides that the Atlantic in its 
middle part is above nine miles deep. Pkillip^s Geofcgy^ p. 23. 
Edinburgh^ 1838. 
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ih^. fienoe H appears that the present dry land might be 
spread over the bottom of the oeean, so that the globe should be 
entirely covered with water. For nearly three-fourths of the snr- 
face is at present submerged. 

06$, While the great hikes of NcH*th Amerioa are eleyaied some of them 
even 600 feet above the ocean, 9ome of the iolaod seas of Asia are sunk below 
its levdL It seems to be at hist settled that the Caspian Sea is 84 feet below 
the Black Sea. Murchiaati^s Oeoloay of RuaHot ▼oL i, p. 822, London^ 1846. 
JjyelVs Principles of Ghology, toL l, p. 267, See&nd Amerieatiy from the 
Sixth London Edition^ Boston^ 1842. The Dead Sea in Palestine is sunk 
1837 feet below the Mediterranean. Biblical HcMearchea in Paietline, dtc, 
by MeMTS. Robin$ofi and Smiiht yoL ii, p. 222, BoUon, 1841 : also, American 
Jour, Science^ vol zlii, Jan. 1842, p. 216. 



Stratificatton, 

Def, The rocks that compose the globe are divided into two 
great classes, the Stratified and Unstratified. 

Def, StratyUxUion consists of the division of a rock into regu- 
lar masses, by nearly parallel planes, occasioned by a peculiar mode 
of deposition. Strata vary in thickness from that of paper to 
many yards. 

Ohs, Strata are often very tortnons and sometimes quite wedge shaped 
Nevertheless, the fundamental idea of stratifioation is that of parSUelism in 
the layers. MacetUloch*8 Olctenfication of Rocks, p. 100 : also, nis System of 
Geology^ vol. 1., p. 67 : also, OreenougKs Chology, diap 1. 

Drf, The term stratum is sometimes employed to designate 
the whole mass of a rock, while its parallel subdivisions are called 
beds or layers. The term bed is also employed to designate a 
layer, whose shape may be more or less lenticular, or wedge shaped, 
included between the layers of a more extended rock ; as a bed of 
gypsum, a bed of coal, a bed of iron, &c. In this case the bed is 
sometimes sidd to be subordinate. 

Def, When beds of di£Eerent rodks alternate, they are said to 
be interstratified. 

Def, A seam is a thin layer of rock that separates the beds or 
strata of another rock : ex. gr. a seam of coal^ of limestone, &o. 

Descr. A bed or stratum is often divided into thin laminas, 
which bear the same relation to a single bea, as that does to the 
whole series of beds. This division is called the lamination of the 
bed ; and always results from a mechanical mode of deposition. 
The appearance of fissility which it gives to a rock, is often decep- 
tive ; since the layers separate with great difficulty. This is es- 
pecially true in ^eiss. 

Descr. The Xa.miaation is sometimes parallel to ike planes of 



stratification ; Bometimes they &re maoh inolined to e&di other ; 
and often tiiey are undulating and tortaons. 

Vig. 1, abowB Uie different binds of Umiiuitioa, 

Kg. 1- 




Wltbout Tjminai 

With w«Ted TamiiUB 
Ilaely I^miiikted. 
Ooanelj lAminatad. 
Obliqnel J I«imnatad, 
Partllel Tjuninw- 



(kmlttrtai Lamina of Gwiu .■ Oolebrook, (H. 

Kg. S repreaents a boirlder of mioi ilate, G feet higfa and i feet brood, 
lying on Uie east lude of the river atoge road in L;ine, New Hampshire, north 
of the centre of the town. It will be seen, that ia the app«r pwt, where th« 
laminx bave been bent tnoet, thwe is a ondb la the lower pturt *r« tw« 
large tuberouloDS maaeea of qo&rti. 



LAHWATIOH. 



7brtlM4itiei m Miea ^att ; Lynu, If. Bampthin. 

Inf. The laminse of beds ooold not have been deposited origin- 
allj in tbe carved position shown in the preoeding figures ; hence 
the flexure most have been the result of some subseqaent operation. 

Inf. Hence the layers at some period after tneir deposition, 
most have been in a state so plastio that thej could be b^t with- 
out breakiag. 

Ori^n (f the varieties of Lamination. 

Cautet. All the lamination of stratified rocks yias undoubtedly 
produoed originally by deposition in water, and the varieties have 
resulted from modifying oiroumstances. 1. The parallel lamiute 
are the result of quiet deposition upon a level surface. 2. The 
waved lamination, m many instanoes, is nothing \to.tr^>p!e marks ; 
such as are seen constantly upon the sand and mod at the bottom 
of rivers, lakes, and the ocean. In the seoondary rocks this is too 
manifest to be mistaken. 3. The oblique lamin^ion has generally 
been the result of deposition upon a steep shere, where Hie mate- 
ria are driven over the edge of an inclined plane. 4. Highly 
oontorted lamination has often resulted from lateral and vertiou 
presBote, as illustrated by Fig. 4. 



24 



ORIGIN OF CONTORTED LAMINATION. 




Kg. 4. 

1 a 

lUuttration, If pieces of cloth of 
different colors be placed upon a ta- 
ble c, and covered by a weight, a, 
and then lateral forces, 6, 6, be ap- 
plied ; while the weight will be some- 
what rused, the cloth with be folded 
and contorted precisely like the lanii- 
I18B of many rocks ; as is shown in the 
figure. 

e Pnn, The agency of water 

and heat is sufficient to bring 
rocks, in nearly every known case, into that plastic state which is 
necessary to make them bend without breaking. 

Proof, 1. Water al<Mie renders day eminently plastic ; and it imparts a 
d^ee of plasticity to nearly every variety of tmconsolidated strata ; so that 
this, without heat, may have prepared all sueh strata for the flexures wfaidi 
they exhibit. Water also renders some solid rocks quite flexible ; as lime- 
stones and sandstones ; and it penetrates very deep into the solid crust of the 
globe ; so that some of the flexures, even in the solid rocks, may have been 
produced by forces acting upon them when saturated with water. 

2. Flexures are the most abundant and extensive in the vicinity of rocks 
that have been melted. And it is admitted that all the older stratified rocks 
have been exposed more or less to the influenoe of heat firom the unstratified ; 
and it is also true, that rocks may be heated almost to the meltine point 
without destroying their stratified and laminated structure. So that m neat, 
we have a cause sufficient to prepare rocks for any possible degree of con- 
tortion. 

Prin, Volcanic forces have operated from beneath upon most 
of the older rooks, whereby they have been bent upward. The 
weight of the ocean, of drift, &c., has bent them downward ; gravity 
and other agencies more local, have produced a lateral pressure ; 
e^ecially when the strata were highly inclined ; and these various 
agencies will account for nearly every case of flexure, not only of 
the laminae, but of the beds also. But more on this point further 
on. 

Descr, In clay beds containing disseminated carbonate of lime^ 
we frequently find nodules of argillo-calcareous matter, sometimes 
spherical, but more usually flattened. These are generally called 
daystones^ and the common impression is, that they were rounded 
by water. But they are unquestionably the result of molecular 
attraction. The slaty divisions of the day extend through the 
concretions ; and on splitting them open, a leaf, or a fish, or some 
other organic relic, is frequently found. In New England, how- 
ever, both the slaty cleavage and the organic nucleus are usually 
wanting. 



DONCKBTtOltS. 



_..'e lunallT thought (a be the nork of water, or of the «bi>rigiDea. I find thrt 
tboae of Sttr EogWid have nt leMt ais predomiiuat fonu. ffmal BtpoTt 
MI tKt Cftology of JfaitachatttU, ToL ii, p. ild. 



these ooncretlotu are tituatad it 



Deter, Hbm da^tmi* oraeretKnis aaeaine aliiuist sverj nriaty of Ibnii. 
Sametfma tlieir mimic TessmUanoa to ammals. or other thiDgs, ia qmt« 
amuaiog. Fii(. <t shovi one from Walpole, New Hampshire. Whi^ mimifl* 
a human head in relief ler; cIomI;, with the heud dre» and oae bshfiid. It 
was found b; Mr. Saubom Tenaej, of the Benior claoi of 1898 in Amhent 



orgillaceoua iron ore, 
which is often dkaembated in clay beds or shale. These nodules 
are usuall; made up of ooDoentrio ooats of the ore ; bnt sometimes 
the slaty struotare of the rook ooutaining them, extends tlsungh 
them, and organic lelios are found to form their nucleus. 

fie. B. represoila a ooaarfltion of hydrate of inm from the day diffi of Oaj 
HeMinMaMSchUBetta. The azia conaiate of apieoe of li^to, and ita reaam- 
bUooa to a pear k very atriking ; or rathei to a la:^ gwdeD aqtuah ; for ita 
diameter it mora than aeTsa inwea. 



coNcsEnomF. 



CotKTttion of Trim On : Oay Htad. 

J}escr. The internal parla of these concretions of limestone 

and hydrate of iron, often exhibit nnmerous oraoka, vhioh some- 

times divide the matter Into oolomnar maasea, bat more freqaentl; 

into iiregnlar shapes. Wlien these' oracks are filled with calcare- 

ons spar, as ie often the case in calcareous 

Fig' 10. concretions, they take the name of ludus 

helmonti% turtle stones, or more freqaently 

of septaria. From these is prepared m Eng- 

k land the famous Boman cement Fig. 10 u 

If a section of one of these. 

Sescr. Certain limestones called oolites, 
are often almost entirely composed of con- 
cretions made np of conoentrio layers ; but 
the spheres are rarely so large as a pea. 

Descr. The concretionary stmotare, however often exists in 
limestone aa a very large scale, forming spheroidal masses not 
only many feet, bat many yards in diameter. The same is th« 
case in other rocks, as trap and granite. 

FIk. II rcpreMutt wme large cootretdoiu) ot Rr^ilaoeotu sandstone or ear- 
bomferons limeatone, at Muaeatine, in lows, figured and d«aoibed fay VrO' 
faK« OwMi In hii Raport at 18S3, p. 100. 



DIVISIONAL STKUCTUEBfl. 
Fiff 11. 



CoTieritioni in Satidtlene, loita. 
Dwixional Structures. 
JO^. Both the BtratiGed and nnstratified rooks are traversed 
\iy divisional ptanes, caXleiJoints ; which divide tha maaa into de 
terminate ebapes, which are different from beds and their laminn. 
Those only which occnr in the stratified rocks will be here noticed. 
liescr. The most important of these joints, called master-joints^ 
are more or less parallel, and so extended as to imply some general 
caose of production. 

Doer. When these joints cross the beds obliqnelv, as they 
usually do, and there are two sets of tbem, they divide the rook 
into rhomboidal masses of considerable reKuHrity ; though wanting 
In tbat perfect eqoatity in the corresponding angles of die prisms 
which is found in crystals of a simple mineral. 

Figs. 12 and 13, are exampleg: the Qret from the ooooneoUdatcd olays b«<la 
of West SpriogSeld in Mossiwhiuett*, and the latter from the gn«ui of Hon- 
•on ia tlie aame State. 

Fig. 12. Fig. 18. 



Descr. Other divuional plauea separate the rook into irregoUr 
fragmeDts; and sometimes the fissares are filled with oalcareous 
qiar, or oUier mineral Hubstance. 



Deter. Some rooks are divided by a set of 
parallel planes, ootncident neither with the 
Btratifioation, the lamination, nor the joints. 
These are called cleavage planes, beoattae they 
are supposed always to result from a cryBlalline 
arrangement of the parttoles of the rode super- 
induoed after its original deposition. 

DeacT. This cleavage is most common in 
argillaceous slate, and in many oases constitutes 
its slaty structure. But in many instances thia 
structure is the result of origiiial deposition, 
and corresponds to, or rather constitutes, the 
lamination. This is particularly true of the 
finer slates, both argillaceous, micaceous, talooso 
and cbloritic, in this country. IjyelPs £le- 
ments of Geology, voL ii. p. 390, Second 
Amer. Edilion, Boston, 1842. 

Deter. The cleavage planes are often ioolined 
to the pianos of stratification and lamination at 
an angle of 30° or 40°, and sometimes the two 
planes dip in opposite direotiona. The oletv- 
age planes are remarkable for their almost per- 
fect parallelism, while the strata and their 
lamioffi are usually contorted. 



In Fig. 11 , 

), BB; llie jcHDts, A A,A A;aDdtlieBlat;cleaTng4 

f^g. IS. 
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Descr, Strata and laminse may be distingaished from jointi 
and cleavage. 1. By the alternation of different materialB in the 
former. 2. By a difference of organic remains in the snooessiye 
layers. 3. By ripple marks and tortuosities. 4. Bj a difference 
in color of snocessive portions of the rock. 

Descr. Joints may be distinguished from cleavage planes 
chiefly by two marks. 1. A jointed structure rtUrely extends 
through large masses of rocks; at least not without more interrup- 
tion than is found in cleavage. 2. The portion of rock included 
between two joints is not capable of a subdivision by parallel 
planes; but in cleavage the subdivision may be carried on to an 
extreme degree of fineness. 

Origin of ike different Structures in the Stratified Roche. 

Mrst Cause. Original depo9ition from water. This will ezplain all thtt 
phenomena of stratification and lamination. ^ 

Second Cause, Desiccation. By contracting the mass of the rock, it Is 
sompelled to separate into fragments : but this can explain only some of the 
ftWnre irregular divisional stractures, such as those of septaria and ti'on stone. 

3%ird Cause, A meohanieal force acting beneath, by which fissures are 
produced, either parallel or radiating firom a centre, or without symmetry in 
their direction. This may ezplain some varieties of joints. 

fourth Cause, Heat. This must be supposed intense enough to give so 
much of mobility to the particles^ that they can obey molecular attraction^ 
and assume a pairtially crvstalline form. In this way, probably nearly every 
case of deavage was produced, and many cases of a jointed structure. 

^flh Cause, Water. If by this agent the particles can be made to move 
among one another,-^aa they 'will do even by partial diffusion,) — ^they can 
ihea. assume a crystalline arrangement, as in the ease of heat. And the ex- 
ample of distinct joints, which I have given in Fig. 12, oocurring in unconsol** 
dated horizontal day beds, seems to require sudi a cause as this for its ex- 
planation; although I have seen no similar case described by writers on 
geology. But in West Springfield and Deerfield in Massachusetts, these 
joints are very numerous and distinct ; occurring, however, in only a few of 
the layers of day, while those above and bdow are unafBected. This day 
has certainly never been suljected to any great degree of heat, being of very 
recent origin. 

Sixih Cause, Galvanic Electr idty . The recent experiments of Mr. Robei t 
Weare Fox of Great Britain, show that dav, subiected to a long voltaic action, 
. becomes laminated, so as to resemble clay slate in its structure. Very 
probably an electric agency is essential in those cases where heat and water 
seem to produce the effect ;. and |hat these latter causes operate diiefly by 
exalting the electridties and giving mobility to the partides. 

Rem, In the difficult sulject of the structure of rocks, I have followed 
chiefly the original views of Professor Sedgwick, in his paper on the slate of 
England and Wales, in the Oeolo^al Transactions^ vol. ill, p. 461, Second 
Series, Also Prof. John Phillips, m his IVeatise on Geology, 2 vols. London, 
1887 and 1889 ; also Mr. Lyell, in his Elements of Geology, The subject will 
probably need still further attention before it is perfected. Yet much has 
been done. 
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Descr, The imstratified rocks oeovr ia four modes. 1. As ir- 
regalar masses beneath the stratified rocks. 2. As reins erossiag 
both the stratified and unstratified rocks. 3. As beds of irregular 
masses thrust in between the strata. 4. As overljing masses. 
All tiiese modes are shown in Fig. 16. 

Eem, The phenomena of veioa, being rerj important, require a more d^ 
tailed explanation. 

Drf, Veins are of two kinds. 1. Those of segregation. 2. Those 
of injection. The former 'appear to have been separated from the 
general mass of the rock by elective affinity, when it was in a fluid 
state ; and conseauently they are of the same age as the rook. 
Hence they are otten called contemporaneous veins. 

Illut. Fig. 17, repreaents a bowlder of granite gneus, in LowelI» about fire 
feet long, traversed by aeyeral veins of se^egation, whose eompoaition diflera 
not greatly from that of the rock, except m bkeing harder and more distiadly 
granitic. Where veins of this description cross one another, they eoalesee so 
that one does not cut off the other. The surfince of the gneiss near Merri* 
mack river in Middlesex County is often covered with reticulations prodooed 
by veins of this description. 

Fig. 17. 




\ 



Veins of Skgregatum in Onein : ZowelL 

Drf. The second class were once open fissures, which at a subse- 
quent period, were filled by injected matter. 

Descr, Veins of segregation are frequently insulated in the con- 
taining rock ; they pass at their edges by insensible gradations 
into that rock; and are sometimes tubercular or even nodular. 

Descr. Injected veins can often be traced to a large mass of 
similar rock, from which, as they proceed, they often ramify and 
become exceedingly fine, until they are lost. Usually, especially 
in the oldest rocks, they are chemically united to the walls of the 
containing rock ; but large trap veins have often very litUe adhe- 
noQ to the sides. 



QRANTTE VEHTS. 



Qnmit* Fiiiiu in SorvLlendi Biait : Cornwall, Eftg. 

Def. The large veins that are filled with trap rook or recent 
1bt% are nsnallj oalled dykes. Theee differ from true veins, also, 
in rtu-ely sending off branohes. 

Inf. It is hence inferred, either that the matter of djkes was 
lasB flnid, because less hot, Uian granite, or that the rocks throngh 
which veins pass, had a higher temperature than those into whioh 
dykes were injected: so that the latter sooner cooled the fluid 
matter than the former. Hence, when the small lateral fisBores 
were produced, as they probably nsoally were by the heat of the 
injected matter, the granite floored into them, while the trap had 
become too hard. 

Deacr. Trap dykes are sometimes several yards wide, and ex- 
tend 60 or 70 miles ; as in England and Ireland. 

Deter. Dykes and veins fi^nently cross one another ; and in 
nioh a case, the one that is out off, is r^rded as the oldest. 

ItM. Uodoubtedlj thii nils, in general, can be depended <st for deter- 
miiiiDg the relatire a^e of injected veins. Yet it is eas; to wnoeive liov a 
van of oonBiderable aise might be filled with mntter Dot very fluid, withoat 



filling all the lateral fissures ; and should these be subsequently filled with 
nure pwfeetly fluid tnattsr, they would appear to be eat off tr^ thel ~ 
van ; and htaee, by (he rvle, be regarded u the oldest, although ii 



Prin. Sy this role it may be shown that granite lias l>een 
empted at no less than four different epotdis. 

Am. I do not find sny Eoropeeii writer desoriUng niore than three epoch* 
of the ernpUoD of granite. MaeetiUoeh'4 Bi/dem af Qeolegif, voL L p. IST. 

Blu*. Fig. 19, represents a bowlder of granite in Weathamptno, Mass, 
whose base wss the product of the earlieit epooh of eruptiou. TbU Is tra- 
vsTsed by the grsoite vein, a, a, a, vhieh was injected at n second epoch ; 
1^ is a granite vun eottiiw a, aoA lha«for« jiroduoed at a third epodi ; wlula 
t, as well as a, sreout offbyUw granite veins*, and li of a {ourth epiiob. 



DTXsa IN erasn 

Wig. IS. 



Ormita rrin» in Oraniu : Wtttkamptim. 
FrtH. By the same rule <um be proved moceasiTe eraptioiu of 
the trftp rooks. 

JUiM. ^. so, ibowB BevertJ interotiDg reuu in Bjenite ia the oorth pari 

of CMisaKt, Mail, No, I, iithe bauiof Bjeoite. So. S, ■ dyke of poridijiy, 
10 feet Mride. No. S, djke* of commoa greeoitone, the Lu^t SO ftat wiiM. 
Na 4, djkM of samntoa greenBtone, 0, fl, and 8 fe«t vide. Here th«n w* 
hare four lucoeuive epochs af ernptlon. 

Fig, SO. 




Dgkei in Symilt : Cohatttt, Mail. 

Fig. 81, eriliUt* vdni ia metBnwrphio gneiu oa the sea shore in Bererlj 

Hu*. TheBiiriia,iii«lniort(!ooTertedintoBj«iite. No.l,iaaTeinorgnnit* 

Vo.% djkeiof eommoDgTMiiBtmiii M'o.8,djkesof porphjritie greeiwtMH^ 

nMMlHtanobrioailjtbaaldert; andiKWof Uiraii* T«rynmchdiiplao*d. 



84 DTXB8 IN BAUBM. 

Fig. 21. 




Dtfket in Metamarphie Oueitt : Beverly, Momm, 

Deacr, In one remarkable example of veins of different kinds, I 
have been able to trace eleven qxxhs of the eruption of anstratified 
rocks. (See Plate 2.) 

lUui, Tbif case is in the city of Salem, Mass^ near the entrance of the 
bridge leadingto Beverly on the west side. ^ The basis rock, No. 1, is syenitio 

S'eenstone. Tlie oldest yein, or dyke, (2) is green&tone, a few inches wide. 
OS. 8 and 4, are Teins of reddish jpanite, — nearly all felspar, which cat 
across the greenstone dyke, Na 2. libese are very numerous ; miK^ more so 
than is shown upon the drawing ; and of very irregular width, — often branch- 
ing ont into strings a mere line in breath, lliey belong to at least two 
e()ochs of eruption : for some of them are cut off by the others, and probably 
still more' eruptire epochs might be traced among them ; but they are ad 
complicated that I haye not been able to do it No. 6, is a dyke of green- 
stone, which cuts off 8 and 4. No. 6, which is 40 inches wide, is porphyritic 
Seenstone, and cuts off Na 6. A small dyke and nearly parallel a little to 
e left, appears to be of the same age. No. 7, is porphyritic greenstone 
cutting OB No. 6. Na 8, (of which there are two running nearly parallel,) 
intersects Nos. 6 and 7, and is granite or felspar. No. 9, consists of two 
lar^ dykes of greenstone, which cut off all the others that hare been de- 
Bcribed, except No. 8 ; and perhaps this also ; but the intersection is covered 
by soiL No. 10, of which there are small reius near the bottom of the sketch, 
and near the top, and is of the same kind of granite as Nos. 8 and 4, intersects 
nearly all the preceding veins. Finally, No. 11, consists of the same kind 
of granite veins, a mere line in width, running diagonally across the sketch. 
The whole space represented, is 86 by 27 feet, and the lo:wer part of it is 
covered by the ocean at hieh tide, and the upper surface by soiL 

I have spent a good deal of time in examining this complicated and very 
interesting net work of veins and dykes ; and I cannot see why we have not 
evidence here^ of the extraordinary &ct — ^unique so fiEur as I know— of eUitef^ 
snecesnye eruptions of granite and trap rock. Or if we regard the basis rock 
as metamorphic ;~that is, formed by the fusion of gneiss ;-— and it may be 
sor-4till, we have ten subeequent injections I 
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Demr. Ytvaa and dyba uswdl; orow the stnta xt Tarions 
an^es. Bnt not nnfreqnently for a part of tbeir ooorie they 
have 1>een intruded between the strata; and henoo have been 
mistaken for beds, and have given rise to the inquiry whether 
granite is not stratified. 

JDescr. Dykea are usually nearly straight ; bat granite veins are 
sometimes very tortnona. 

lllut. Vig. it, Bhovi two imall but very dutinot Kranite veiiii in bo- 
Dgaiwoai mieaeeotu lunestoae in Colralo, Hua. If the*e are iDJeotad 



vaioi, IB thej appew to be, it ii extremely difficult to aooount tot thair 
tortuoiitj. 

Kg. tt. 



Ormalt Vtxnt m XieaeanM Liimstmt* : Celraia, ifoM 

Tig. 83. 

Tig. 23, repretento ; 

a f^anite yeip oulf ods | 

eighth of ea inch Uiiok, | 

(uiriformiDg to the flex- I 

arm of mica lUte in I 

Otmway, Mb. Perliapi i 

thii maj be a legregat- I 

ed vein. f 

Fig. 84. (Me next page) ii a tortaoiu vein of granite in talooM alate in 
Chester, Haas., whidi doea not conform to the flexorea of the date. It ia 
poHaEblBi horever, that it may oorreepond to the original enrTM of depoutioD, 
and that the i>re*enC Blatj Btruetu^ Is Bnperindnoed ; though I have atrong 
rcaetHiB to Uunk that thia ia not the oaae. 

SesM-. In modem volcanos the lava is ejected from cironlar 
vents, called oratera. But the older nnstratified rooks, although 
evidently of voloanio origin, appear to have been protruded along 
extended fissures, either across the strata, or in the same direotion 
as their strike. It is possible, however, that oratera did once exiat, 
but have been awept away by powerful denudaticpii of the siirfiMP. 
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meiMn at Naw Bavea in CaontotKat, uut 
runs dlBigoiiallj acrou the Tnlley nf the 
Connecticut, uDtQ it terminatea id Hamp- 
iblre Coonty in Masudiusetta. It must be 
70 or 80 mues in length, and one or two io 
breadth, and it coufornu ganerallj to the - 
•trite ot the wndat(Mi& Sinular raogea 
exiat in Hew Jersey. 

Deter. The nnstrstifled rocks, aa 
peciolly when exposed to the weather, 
are nsiullj divided into irregolu frag- 
ments by fisBoreB in Tariona direc- 

JMtcr. Sometimes, however, these 
rooks have a oonoretionary struotun 

3 on a large scale; that is, thej are com- 
!^ posed oifooDoreted layers whose ctir- 

t" vatnre is sometimeB so slight, that 

J they are mistaken for strata. 

S Obi. Ciuea of thii sort oan be distio- 

■■ gulshed from BtratlfiCHtion, first bj the con- 
'^ oreted divisioos not extendiDg through the 
Si whole rock ; aeoondly, b; the want of a 

s inminiir or sUtj structure in the parallel 

^ Sxam. A fine example of this ccnjereted 

g atructnre oooun at one of the quarriee in 

-S gjenita near Sandy Ba^ oa Cape Ann. 

-| Another ocoura in granite, at the granite 

U. quarry in the hill eaat of the viUnge of 

<j Woroeater. Another ia Fitch burg. Another 

S in the trap rock at Ifahant. 

xo Def. An intcres^g variety of 
jointed strnoture in some of the ou- 
atratifled rooks, is the prismatio or 
coliunaar, by which large masses of 
rocks are divided into regular forms, 
from a few inches to several feet in 
diameter ; but with no spaces be- 
tween them. 

(Til. ^ia enriouB pheaonjeuoo will be 
more partioolarly deecribed in naubsequeat 

Ikicr. The layers of the stratified 
roo^ are sometimes horizontal ; but 
more frequently they are tilted up so 
as to dip beneatb the horiion at ever; 
pos^ble angle. 
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D^, The angle wbioh the surface of a stratam makes with tiie 
plane of the horizon is called its inclination^ or dip ; and the di- 
rection of its upturned edge is called its striJce or bearing. 

Ohs, Of course horizontal strata have neither strike nor dip. The exposure 
of a stratum at the surface is called in the hinguage of miners, its oui- 
crop or ba9teiing, 

Descr, As a general fact, the newer or higher rocks are less in- 
clined than those below. The highest are usually horizontal; 
while the oldest are often perpendicular. 

Obts This admits of too many exceptions to he employed as a means for de- 
termining the age of rocks. Thus, a oonaiderable part of the gneiss rocks of 
Kew England, (usually the dldcBt of the stratified rocks,) has a less dip thaa 
the sandstones, or even than some of the tertiary rocks of the same region. 

Descr, The instrument employed for ascertaining the dip of a 
stratum, is called a clinometer. Every geologist, however, ought 
to bo able to determine the dip with sumcient accuracy for most 
purposes by the eye. A good pocket compass will answer for 
finding the strike. ' 

Descr, Unstratified rocks do not probably occupy one tenth 
part of the earth^s surface. \ 

Deter, In Great Britain, says Dr. MaccuUoch, " they do not cover a thou- 
saindth part of the superficies of the ialand" In S&usachusetts, they occupy 
nearly a quarter of the surface. 

Prin, These rocks, however, we have reason to suppose, oc« 
cupy the internal parts of the earth to a great depth, if not to the 
centre; over which the stratified rocks are spread with very un 
equal thickness, and in many places are entirely wanting. 

£^x]alan<ttion. Fig. 16, will convey a better idea than langunge, of the rela 
tive situation of the two classes of rocks. The different groups of stratified 
rocks, viz. Alluvium, Drift, Tertiary, Secondary and Primary fossiliferous 
with Hypozoic, are here shown resting upon one another, and upon granite 
beneata. This granite, also, is shown protruding to the surface ; and upon 
its sides lie the stratified rocks highly iDcIined : veins of syenite, porphyry, 
trap, serpentine and lava, are also shown protruding throu^ the granite, and 
coming from beneath it ; as they must do, because they have been erupted 
since the granite. Veins of syenitio granite of a posterior date are likewise 
shown, penetrating the stratified rodcs to the top of the sec(Midary strata* 
which is the most recent granite yet discovered. Syenite and porphyry rise 
ito higher than the top of the secondary ; but the trap rises to the top of the 
tertiary ; and finally, modern lava overspreads alluvium. The stratified 
rocks are represented as inclined at diflerent angles ; the lowest being the 
most tilted up. Although, therefore, this is not a section of any particular 
portion of the earth's crust, yet it will give a correct idea of the relative 
situation of the groups both of atratifira and unstratified rocks. For a 
much larger and more detailed section of l^is sort, see Buekland't Bridge- 
water XVeatUe, Plate h 

IbrmcUions, 

Rem, It Is not possible in geology as in other departments of natural hvh 
tory, to desoribe apedes with dennite and invariable oharacters; beoause 
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Meh rode is fomid to be made up of Tarietiea, often yery numerom, wiiksh 

insenBiblj graduate into one aDother ; as do also the rooks themselves in 
many iDstimcea. In botany, mioeralogy and zoology, speeies are separated 
by definite lines, aind never do thns pass into one another. If, thererore, we 
employ in geology the same exaetniess of specific description as in these 
sciences, we shall impose on nature a logical precision which will not fit her 
in this department or her works. Another method must, therefore, be adopt> 
e4 See MacculUcKs Qeologieal Clauifioation o/Hocki, Chap. 1. 

Def, Each rook, in its most extended sense, consists of several 
varieties, agreeing together in certain general characters, and 
occnpying such a relative situation with respect to one another, as 
to show that all of them were formed nnder similar circomstances, 
and daring the same geological period. Such a group constitutes 
% formation. Ex. gr. tertiary formation, gneiss formation, &c< 

Def, This term often embraces several distinct rocks, when 
there is reason to suppose them the result of the same geological 
period. 

Fig. 25, will give an idea of the English lias formation lying between the 
oolite formation above, and the red sandstone formation beneaUk 



Fig. 25. 



liai Formation. . 




Upper lias shales^ 




d-=* 



*-B, \ ^"^-tr— Marlstone^ 

?T fc-2. *^" ^ r* *** 




a. 



lias limestoneii 
Lower lias shales. 



D^. The English word groupj and the French terrain^ are 
nearly synonymous with formation. The term series is also very 
oonvenient in description. 

JDef. When the planes of stratification are pajrallel to one 
another in different formations, the stratification is said to be con- 
formable ; when not parallel, it is unconformable. 

Descr. The stratification in different formations is usually un- 
conformable, as is shown in the position of the hypozoic and fos- 
ailiferous formations, in Fig. 16. 

At^. It is hence inferred that the stratified rocks were elevated 



ftt diffarent epoolu : in other words, tkoso form&lioiui wiiA aro 
the most highlj inclined, must hwe been parti&Uy eler&ted before 
the others were deposited upon them, 

Descr, These numeToua elerationa of the strata have prodneed 
in them a sreat Tariety of cracks, fissureB, and slides. 

Zkf. When the contmuity of the strata is interrupted by a fla- 
anre, so that the same stratum is higher od one side than on the 
other, or has been slidden laterally, that fiasnre is called Kfaub, or 
■I troubky — a aiip, — a dyke, &o: »aa,6,c,d, Fig. 26. 

Fig. 2S. 



Jlim. A hnlt ia geDOrslly filled with Ingmenti of roeln, clay, Ao. h d it 
efUn ocoasimu great trouble in the working of mines, bMaoBe, whan it i> 
reaobed, it is impoasiblfl to dedda whether the oontiauatioD of the minferal 
■ought ia abora or below the level, or to the right or lefL 

Def. If the fisanre is open uid of oonsiderable width, and is 
Boooeeded at each extremity by a wider valley, it is called a gorge, 
asc. 

H^. If it be still wider, with the sides sloping or ronnded at 
Uie bottom, a valiey is produced ; as d. 

Prin. In a similar way most of the Talleya of primitive eomiv 
trie^ were formed. 

2V- ^''B ^^^ forming the top of a mountain ridge, or mnning 
ttirpi^ a valley, along which the strata dip in opposite direodoos, 
is called an mtiicHncU Hne, or anticlinal axit ; a,« at a. Fig. 27, 
and h, Fig. 28. 

Kg.!7. 



40 ALLUVIUV AND DRIFT. 

D^, When the strata dip towards this line on each mde of it, 
is called a zyndinai line, or axis, as at b. Fig. 27. 




Drfi When the strata dip from any point in all directions out- 
wards, (as around the crater of a Tolcano,) the dip is said to be 
quaqtiaversal. 

ClassificcUion of Rocks. 

Hem, Numerous attempta have been made to dassify the rocks. But none 
of the i^aogements hitherto proposed, possess so decided a superiority over 
the others as to be adopted in ev^ry particular. In the present state of the 
subject, all that can be done is to give the outlines of the most important 
systems of classification, leaving the reader to take his choice among them. 
1 shall first describe some of the larger groups of rocks, which have long 
been admitted by most geologists to exist in nature. 

Descr, li we suppose ourselves placed in a meadow, which has 
resulted from the successive deposits of annual floods, and begin a 
perpendicular excavation into the earth, we shall pass through the 
different classes of rocks in the following order. 

Def, For a few feet only, — ^rarely as many as 100, we shall pass 
through layers of loam, sand, and fine gravel, arranged in nearly 
horizontal beds. This deposit, from an existing river, is denomi- 
nated alluvium. 

Def. All deposits ^om causes now in action, which have taken 
place since the present order of things commenced on the globe, 
are usually regarded as alluvial. 

Def. The lower part of the alluvium in some counties is coarser, 
and contains large rounded or angular blocks called bowlders, 
mixed with gravel, sand, and clay; sometimes without stratifica- 
tion. It was formerly called Diluvium but now goes by the name 
of Drift. 

Descr. Alluvium passes insensibly into Drift ; the materials be- 
coming coarser and coarser, and the stratification less distinct. 
But probably both are the result of the same agencies, (more than 
one,) a good deal modified. The subject will be fully treated in a 
subsequent section. 

Drf, The next series of strata which we penetrate in descending 
vto the earth, is composed of layers of clay, sand, gravel, and 
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^,^,\ iimdng tne nypozoio rwajs mcio lo-uv d^*..**^.^* x,.v.or of 
superposition. Perhaps gneiss most commonly lies immediately 
abo Ye granite ; but the other members of the series are frequently 
found also in the same position. 
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sabsequent section. 

J[>^. The next series of strata which we penetrate in descending 
ipto the earth, is composed of layers of clay, sand, gravel, and 
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TERTIARY, SECONDARY AND PRIMARY. 41 

marl, with oooasional qiiartaose and caloareoos beds more or loss 
consolidated ; all of which were deposited in waters comparatively 
quiet and in separate basins. They also contain many peculiar 
organic remains, and sometimes dip at a small angle, though 
usually they are horizontal. These strata are called tertiary, 

Descr. The formations which we penetrate after passing through 
the tertiary, are composed for the most part of solid rocks. They 
are, however, mostly made up of sand, clay, and pebbles, bound 
together by some sort of cement. With these are interstratified 
many varieties of limestone; and throughout the whole series is 
found a great variety of the remains of animals and plants, very 
different firom those in the tertiary strata. These groups of rock 
sometimes lie horizontal ; but are usually more or less elevated, 
80 as to make them dip at various angles. They are called fossi- 
Itferous or fossil-bearing ; a fossil being the relic of an animal or 
plant dug out of the euth. As far down as the Permian Group 
inclusive, these rooks are oalled Secondary or Mssozoic ; those be- 
low the Permian are denominated Primary fossilifercms^ ot 
Paleozoic. 

Dif. The stratified rooks below the fossiliferous, are distin 
guished by the absence of organic remains, by having a structure 
more or less crystalline, and by being more highly inclined. 
They are called hypozoic rocks. This term has also been applied 
to the unstratified crystalline rocks. Mr. Lyell has proposed, as 
a substitute, the term hypogene ; meanmg " nether-formed rocks^ or 
rocks which have not assumed their present form and structure at 
the surface." Elem, Geol, Vol. i., p. 20. 

They are also frequently oalled Meiamorphic Rocks ; because 
they are supposed to have been changed by heat from a state of 
mechanical aggregation to a crystalline conaition. 

Descr. Many able geologists regard the stratified rocks below 
the fossiliferous as probably no older than the fossiliferous. This 
opinion takes for granted tiiat they are all nretamorpbio, as some 
of them most certainly are. But where they underlie the fossil- 
iferous, even though metamorphic, they must have been deposited 
at' an earlier date. 

Descr. Immediately beneath the hypozoic stratified rocks, we 
find the unstratified ones. 

Inf. As this is found to be the case wherever the stratified rocks 
have been penetrated, it is inferred that the internal parts of the 
globe, beneath a comparatively thin crust, are made up of un- 
stratified rooks ; at least to a very great depth. 

Descr. Among the hypozoic rocks there is no settled order of 
superposition. Perhaps gneiss most commonly lies immediately 
above granite ; but the other members of the series are frequently 
found also in the same position. 




4i INVEETBD STRATA, 

Bescr, Among the fosBiliferotiB rodosi l^ere exists an inyariable 
order of superposition. 

Exceptum, In a few cases, iDternal forces have not merely lifted upoti 
their edges, but actually overthrown strata of considerable thickness. The 
section in Fig. 27, was taken in the Alps, and exhibits a case of this kind. 
G, is gneiss, L, L, limestone, 0, eonglomerate, locally ealled naffleAue. Now 
the limestone is really an older rode than the conglomerate ; and yet it lies 
above the conglomerate, because the whole series has been tossed over, so as 
to bring the newer rocks beneath the older. 

Descr. In some instances the strata have been folded together 
<m a vast scale, and in such a manner as to bring some of the newer 

rocks beneath the older. 
I!£j«- Fig. 29, is a section of this 

character. Originally the 
strata were probably fol* 
ded, as is shown by the 
curyed lines passing from 1 
to 1, 2 to 2, and so on. But 
their upper parts hayebeen 
denuded, so that the present 
surface is a, a. The oldest 
strata are now found to be 
6, 6 ; and thej correspond 
outward on each side of these ; as, 5, 5 ; 4, 4 ; &o. Such an 
example as this has been called tk folded aau. 

Exam. I have no small reason to believe that a similar folding and over- 
tnming of the strata have taken place on a vast scale in the United States \ 
although the phenomena have not yet been studied as carefully as would be 
desirable ; and some of our geologists explain the inverted dip on other prin- 
ciples. Along the western part of the Green and Hoosac Mountains, in Xfew 
England, occur interstratified beds of gneiss, mica slate, talcose slate, clay 
date, limestone, and older Silurian rocks, which are either perpendicular, or 
have a high easterly dip : and yet the oldest members of the series are found 
along the eastern side of this belt, and the strata become newer and newer 
as we go westerly : that is, the oldest rocks lie apparently above the newer 
ones. These appearances present themselves nearly the whole distance fronk 
Connecticut river to Hudson river ; a breadth of nearly fifty miles. Now 
suppose in early times the strata between those rivers to have been some^ 
what elevated, with Hoosao Mountain, or the Green Mountains as their prin- 
cipal axis, as is shown in fig. SO ; where L stands for limestone, M, for mica 
slate, T, for talcose slate, S, for clay slate, and Sil. for Silurian. While yet 
in a yielding state, imagine powerful forces to act in opposite directions at 
the two extremities of these strata: that is at Connecticut and Hudson 
rivers ; where we have reason to believe extensive faults exist : while at the 
tame time we may suppose an upward strain upon the strata from gas or 
melted matter beneath. The effect would be to bend and fold together the 
strata, as they are shown upon fig 31. If afterwards they were denuded by 
water, to the depth of the irregular line A A, their character, dip, and out- 
line would correspond essentially to what we find between Connecticut and 
Hudson rivers, it appears further, from ih«) Geological reports of ProfesHom 



Folded Axet, 



TeDiieww. that thaae aame roi^ vith uinilar uiTeruoa of their dip, . 

all tbow alates, formiDg a consiijarable part of the AppalMJiiiui Honntkiiu ; 

Bad tJiat in &ct thej extend almost uuiaterruptedly from Oaoada to Ala- 
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44 fiTRATA INVntTED. 

Mcbiuette, it ia without doubt tme orer thia tuI aztent of eonDtrj'. Hor 
caa 78 doubt that fig«iicieB inffiGientlj patrerful Lave operated oftmi in an. 
ture to produce these eflMa ; althougb it is difficult for the tnind to beooma 
bmiliar with such BtupeDdoits forcea. (Set ihit tluory farlher tlveidaUd in 
the I^nal Report on tkf Gtalogy of AfoMaehmelCt. vol 2, p. GT7, anijtn fAs 
_rfr«( jln«iti«rniri/ Addreu before ilie Aaociaiion of Amertean, Oeologitti at 
FhUadtlphia, 1841. Alto and etpecially, in a paper by the Profemort 
Rogeri, on the P!it/iieal Structure of the Appalachian Chain in Thais. Amer. . 
Au. Geologiali, 1843.) 

Descr. Sometimes the strata, after descending in an inverted 

Eosition from 1000 to 1500 feet, carve in Hooh a direction aa to 
ring them into their proper position ; as i» ahown in Fig. 32, taken 
in the Atpe. 



Sesi^, One or more rooka are freqaentlj wanting in the secon- 
dary series, which brings those of very different ages into contact : 
hat the order of arrangement is never tliereby disturbed. 

Mxam, TbuB in Fig. S3, on the left side of the eeatral maaa of granite (A,) 



Other Systems cf Class^cation. 

Rem. Ho(t of the sjetema of alaauficaUoQ of the stratifled rooka deaoHbed 
in the following para^raphi, ore exhibited lynoptically on the Tabular View 
appended to this Section. 

Deter. Dr. Macoulloch dividee tlie gtrsta into foor principal clasaei. Hia 
Allfiviai Clais embrscea alluvial and drift : hi» TerliaTy Clou ia the same aa 
that alreadT described : bil Secondary Clatt eiUods no brther downward 

than to the Dottom of the old redunoBtoiM; and the remaiuder of the foaul- 
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iferoiu rodkt, viVb the strstifisd □on-fauiliferotu odeb, cotulitutei bii PrU 
morj tVai* He also distributea the mialratiflBd rocln through the two 
latter classeg. and adcla a fifth, or the Yoleanie Clan. Reakoning the itratl- 
6ed and anstralified rocks tot^ther, he divides the whole Jato ten gronps, 
whirh he also denomicatea clasaea, by the designation Prololilh, Dealolilh, 
Ac This latter ftrrangemeot he dowiminstet the Natural Si/item. nnd the 
fbrioer the Artificial Syttan. Maeeidlach't Syitfm of Oeolngy. voL !, p. TS 

I>t»cT. Id Eev. W. D. Oonybeare'a arrengeraent, allUTium, drift, and the 
tertiary etratu, are called the Superior Order ; the rooks from the chalk to 
the coal uieaauree, form his Bapermedial Order ; the coal measures, carbon- , 
iferoiu hmestone, and old red sandstone, fiirm his Medial Order ; the remain- 
ing foeeitiferouB rocks constitute his Submedial Order : and the stratified 
hj'pozoie groups his Inferior Order. The uwtratiSed rocks are distributed 
among the stratified, according to their suppoeed a^e. This system has the 
merit of being both limple and free from all hypothetical allusions. Ooay- 
beartand Wm. Phmip't Geology of England and WaUi. vol. 1, 1822. 

Deter. De la iSeche dirides all rocks into two great classes, the BtraUfitd 
and Unetratijied. The latter be treats as a eiogle fiunilj ; the former, he 
■nbdivides into tea groups. The first is called the Modem Oroap, and cor- 
responds to alluvium ; the second is the Erratie Bloek Qroup, corresponding 
to drift; the third, the Supereretaeanti Qroup, embradi^ the tertiarir 
strata : the fourth, the Cretaeeane Grotip including only the chelk and wtne 
associated strata ; the fifth, the OoUtii Sroup, oomprehending the ooliteand 
the iias : the siith, the Rfd Sandstone Oranp. or the new red sandstone ; the 
e Carboniferoiu Oroup, containing the coal measures, carbonifer- 



satisbctory. De la SeeMt Man. Otol. p. 38, llUrd edUioa. 

Meter. Ur. Lyell arranges the fossiliferous rocks in the following Groups 
and subdivisions: I. The Post I'ertinry embracing the Rec^l, and Post 
Pliocene: S. Ths Tertiary embracing the Newer and older Pliocene, the 
Uiooeneand (he Eooeine^ 8. The Secondary embradog the Cretaceous, upper 
Bud lower, with the Upper and Lower Qreen Sand and the Oault; the Weal- 
den with Hastings Sand and Purbeck Beds; Oolite upper, middle and lower; 
liaa ; and Trias : 4, The Primary, embracing the Permian uppei and lower ; 
the Cacbooiferous, consisting of Uie coal Measures and Mountain Limestctie : 
tbe Devonian upper and lower ; the Silurian, upper and lower. Utnoal of 
EL QeoL p. 861, London, IBBS. His Metatnorptuc Bock* einbrac* all the 
ittatifted Doii-lbMiUbrout wboae. age is DQMrtain. Ths uiwWtified ha ealla 
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Frimary» Seeondary, Terttary and Reo«at Platonie acoording to their poution 
in the stratified eUn. 

DtBcr, Omalius d'Halloy, a FreiMh geolo^st, in 1881, proposed the foUow- 
ing system of arrangement. He first divides all roeks into Neptunian^ or 
the stratified, and the PltUoniany or nnstratified : then under his first dass, 
or Modem Formatiofiy he places alluvium ; under Tertiary JFormatumti, he 
puts drifts and the tertiary strata ; under Ammonean ArmaiioiUt he in- 
cludes ^e subjacent rocks as far as the ooal measures ; and under Semilysian 
JPormaHofMy all the remaining stratified rocks. The unstratified ones he di- 
vides into two classes ; the first, embracing granite and norphyry, is ealied 
Agalytian ; the second, embracing basalt, trachyte, and lava, is called Py- 
roidoL His three first classes he also denominates Secondary ; and the re- 
maining class of stratified rocks, with the first division of the unstratified, 
Primordial, JSlementt de Geologieypar /. J. jyOmalivt D'llalloy, Paris, 
1881. 

Deter, Pro£ Alexander Brongniart, another distinguished French geologfiat 
in 1829, proposed to embrace all the rocks under the Jovian Periodf or the 
existing era ; and the 8aii*mian Period^ or the era preceding the last revolu- 
tion of the globes His first period embraces only alluvium which he divides 
into the Alluvialy Lytian^ and Pyrogetunu PormatioM. His second period 
embraces, first, the Stratified or Neptuniam, Formations, and secondly, tha 
'Massive or I^phonian pirmations. The first of these is divided into the 
Clysmian Pormationst or drift ; the Izemian Pormaiions, or the strata, as fiiT 
down as the Vnountain limestone ; ITemilysian PormationSy embracing all the 
remaining foesiliferous strata; and the Agalysian Pormations, which include 
all the hypozoio stratified rocks. His Typhonian class he divides into the 
Plutonian, aqd Vuleanian Pormations. Tableau des Terrains, dse, par Prof, 
AL Brongniart, Paris, 1829. 

JDeser. To give an idea of more recent classifications in continental Europe, 
I will quote two authors. In 1846 Dr. Fr. linger, in his synopsis Plantarum 
PossUium, p. 267, divides the series of strata mto the fouowiog Formations. 
1. The Tertiary Pliocene. 2. The Tertiary Miocene. 8. The Tertiary Eo- 
cene. 4. The dretaceous. 6. TheWealden. 6. The Oolitic. 7. TheLiassio, 
8. The Irised Marls. 9. The Muschelkalk. 10. The Upper New Red Sand- 
stone. 11. The Magnesian Limestone. 12. The Lower New Red Sandstone. 
18. The Garbcmiferoos, embracing the Mountain Limestone and Old Red 
Sandstone. 14. The Transition, embracing the Devonian Silurian and Cambrian. 

Deser. In 1860 M. Alcide D'Orbigny of Paris in his Gours Ptemen- 
taire de Pitleontolpie et de Geoloyie Stratigraphiques, p. 157, gives the 
foUowiog classificanon which I present untranslated, since many of the sub- 
divisions have no correspondent terms in our language. 1. Terrain Gontem- 
porains : Epoque aotuelle. 2. Ter Tertiary, embracing the Subapenin, Fal- 
unien, Parisien, and Suessonien. 8. Ter Gretaces; embracing the Danien, 
Senonien, TurOTLieo, Genomanien, Albieo, Aptien and Neocomien. 4. Ter» 
Jurassique ; embracing the Portlandien, Eimmeridgien, Gorollien, Ozfordien, 
Callovien, Bathomien, Bajocien, Toarden, Liasien, and Sinemurien. 6. TVr. 
3Hasique», embracing the Saliferien and Conchylien. 6. Ter. P<deosoiq%tes, 
embracing the Permien, Garboniferien, Devonien and Silurien, superieur et 
inferieur. *" 

Deser, Dr. Mantell proposes a chronological arrangement of the rocks. 
His two ffreat classee are the PonUiferous Strata, and the Metamorphie 
Rocks : the latter embracing the unstratified rocks as well as the stratified 
hypoaoie. Under Modern and Ancient Alluvium, he places alluvium and 
drift. Next oome the Tsrtiary Strata: then, as the first group of the second- 
ary formations^ the Ghalk or Otetaeeous System^ The seoond gro«p is the 
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^9Mit%; the Uiird, the OoiiU; the fourth, the Um; the fifth, the Ml- 
fir out Strata; the siztii, the Oarbtmifercus SysUm, or Ooal; the eerentli^ 
the Silurian Syatem, or upper memherB of the grajwadce eeries ; and the 
eighth, the Cambrian or Qraywaeke Syitem. Hu metamorphio roeke oom- 
prehend three groups. 1. Mica Schi»t 2. €fneis9, 8. €hanUe,'^Manteir$ 

Wonders of Geology^ voL 1, p, 178, Zondon, 1888. 

Deter, Profeseor John Phillips dirides all roeks into the stratified and un- 
etratified : and then, like Pe la Beohe and Dr. Buckland, he does not attempt 
to distribute the latter among the former, but treats of each dass separateljr. 
Hie stratified class he thus subdivides. AUuvium and drift are plaoed under 
Superficial Accumulations^ and denominated, Alluvial Depositions and Dilu- 
vial Depositions. The tertiary strata he divides into the Orag, Freshwater 
Marls, and London Clay, The secondary strata, which extend to the bottom 
of the old red sandstone, he divides into the Cretaceous System, the Oolitic 
System, the Saliferous or Bed Sandstone System, and the Carboniferous Sys- 
tern. Next succeed his Primary Strata, which embrace the Silurian System, 
ike Cambrian or Graytoacke System, the Skiddaw or Clay Slate System, the 
Mica Schist System, and the Gneiss Svstem» The subdivision of these lystema 
may be seen in the accompanying tabla T^eat, on Choi, from the Jsneydo' 
poedia Britannica vol. 1, Jsdif^mrgh, 1838. Also a Threat, on Geol, in 2 vok., 
London, 1837 and 1889, in Cabinet Library, 

Descr, It seems now to be pretty well ascertained, that the Silurian and 
Cambrian systems cannot be separated by their organic remains, and must 
therefore be considered as one gproup. {ifurchisons Anniversary Address 
before the Lond, GeoL Sod, for 1848.) Accordingly they are so represented 
in the classification by Professor Ansted, m the Tabular View annexed. His 
Tertiary Period extends from the top of the rock series to the chalk. The 
chalk he calls the Newer Secondary ; the Wealden and Oolite Bliddle Second- 
ary ; the Upper New Red Sandstone or Triassic System, the Older Second 
ary : the Lower New Red, or Permian System, and the Oarboniferons Sys 
tern, form his Newes Paheonno Period ; the Devonian System, or Old Red 
Sandstone, his Middle Palssozoic; and the Silurian and Cambrian Systems, 
^divided into Upper and Lower,) his Older PokBosoic; while thenon-fossil* 
iferons rocks he denominates the Metamorpbic See Ansteds Geology, 2 
vols., London, 1844. 

In Sedgwick's and McCoy's synopsis of the dassification of the British 
Fnlaeozoio Rocks, London 1851, we have the olassification finally adopted by 
the former of the rocks below the Trias. 1. Hyposoic Rooks or non-fossil- 
iferous. 2. Cambrian Rocks older and upper. 8. Caradoo Qroup. 4. Upper 
Silurian Rocks, including all from the top of the Wenlock shale to the file* 
Btone. 6. Old Red Sandstone or Devonian Groups. 6. Carboniferous Groups. 
7. Permian Groups. 

Descr, The System of the New York State Geologists b the Table, em- 
braces only the roeks found in that State, where the Cretaceous, Wealden 
0<ditic^ and Liassic groups, are wanting. Their Quaternary system embraces 
Alluvium and Drift ; next comes the Tertiary ; next the New Red Sandstone, 
embracing the Triassic and Permian Systems ^ next the Carboniferous; next 
the Old Red System ; next the New York System, embracing 29 groups ; 
eleven of which, according to Pirofessor James Hall, correspond to the i>e- 
Yonian Svstem, ten to the Upper Silurian, and eight to the Lower Silurian. 
See Prof HalFs latest views tn Foster and Whitneys Report on the Gedl, of 
Lake Superior, part 2, p. 285, 1852 ; next the Taconic System, which, accord- 
ing to IVofessor Emmons, is fossiliferous, and distinct from the Nejr York 
I^Btem, but according to others, it is tiie latter metamorphosed by heat ; 
finally, the Primary or Hypogene System. 
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JDe9ar, The System by ProfL W. B. Rogers of Ytrginia, and H. D. Rogers 
of PenBriiyirftiua, embraces the roeks of the United States. They begin with 
aUuvium and drift ; and dividing the Tertiary into lour groups (Post-Pleio- 
eene, Pleiooene, Miocene, and Emsene,) they denominate the "whole the Cat- 
aoxoie Period. The Cretaceous roeka, (divided into Upper, Middle, and 
Lower,) and the Oolitic Coal Series of eastern Virginia, they call the Mesozoic 
Period ; the Upper New Red, the Triassic Series ; and all the period be- 
tween the Trias and Claj Slate, they call the Appalachian Paleeozoic Day, 
which they divide into nine portions, which refer to the time of dny, and 
whose correspondence with the Kew York System will be seen upon the 
Tabular View. 

Deicr, The last system in the Tabular View, presents a classification found 
ed upon Paissontology, or Ornnic Remains, which I venture to suggest as 
sometimes oonvenienU The nrst column marks out the vertical limits of the 
different systems of organic life that have appeared on the globe, so far as 
they have been well ascertained. The lowest, embracing all the rocks below 
the Silurian, is called Aaoic, that is, destitute of organic beings ; the second 
extends to the top of the Permian Qroup, embracing the Cambrian and Si- 
lurian, the Devonuin, Carboniferous, and Permian, and is called the Protozoin. 
The second system, or the Deutozoic, embraces only the Trias : the third, or 
Tritozoic, the Lias and Oolite : the fourth, or Tetrazoic, the chalk : the fifth, 
or Pentezoic, the Teriiar^r; and the sixth, or Hectezoie, Alluvium only; 
which comprehends the living creation. The second column, expresses the 
animal or substance most characteristic of the different groups. Thus the 
Hectazoic is Homoniferous, or contains the remains of man ; the Pentezoic ia 
MamnuiUferous, or contains the remains of mammaUa ; the Tetrazoic is For- 
aminiferous, or abounds in Foraminifera ; the Tritosoio is Dinosaariferous, 
(containing land Saurians,) Pterosauriferous, (containing flying Saurians,)and 
KnaUosaurifemus, (containing marine Saurians ;) the Deutozoic is Ichniferous, 
because abounding in the tracks of animals ; the Protozoic is Ichthyferous, 
because containing peculiar fish, carboniferous, because abounding in coal; 
Cephalopodiferous, because abounding in Cephalopod shells; Polypiferous, 
because abounding in Corals ; Trilobiferous, because abounding in Tnlobites ; 
and Brachiopodiferous, because abounding in Brachiopod shells; the Azoio 
series is Crystaliferoiis, because abounding ^n Crystals. 

Bern, A cursory view of the table is apt to convey the impression that al 
most eveiything relating to the classification of rocks is unsettled, and that 
there is scarcely any nffreement among the different systems. Some explana- 
tions and inferences, therefore, seem desirable, to present the subject in its 
true light. 

Prin. In judging of a classification of natural objects, it is important that 
we distinguish natural from artificial characters. Thus, in botany, plants 
may be divided into classes and orders depending upon the number and situa- 
ti<m of the stamens and pistib of their flowers ; or upon the anatomioal 
structure of the plant. By the first arrangement we shall bring together 
plants the most unlike in tneir general properties ; and therefore, there is no 
necessary connection between those properties and the number and situation 
of the stamens and pistils, and hence such characters are artificial or arbi* 
trary. But those plants which are alike in anatomical structure, correspond 
in most of their properties ; and such characters, therefore, are natural 

Inf. 1. In applying this principle to rocks, we find first, that their divis- 
ion mto stratified and unstratified is natural : that is, it brings together those 
kinds whose origin and other important characters are similar. Now we 
shall find, that this division enters into nearly all the more recent systems <tf 
claa«*fication that have been described. 
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inf, 2. la the diyision of the rocks into fossiliferous and non-fossiliferooi^ 
all geologists agree; and in £EU!t there is scarce a possibility of disagreement 
on 3iis point. So that here we hare another important natnral chaneter aa 
tfae basis of classification. 

Inf, 8. In nearly all the systems of classificationa, the larger formatioDa 
teindde; which is a presumptive proof that they are natural ; since so many 
different observers agree in forming their boundaries. These ibrmationa 
ought perhaps to be regarded as the species in geology. 

Inf. 4. Classification founded upon the relative age of different rocks, ia 
entirely natural, because all observers agree that the^ were produced at dif- 
ferent times. But as superposition and organic remams are tne only safe ori* 
teria of relative age, there is ground for a diversity of opinion in assignine 
places to the different formations; since these criteria can- be asoertisined 
aometimes only imperfectly. 

In/, 5. Characters dependent upon theoretical oonstderatiotts are artifidali 
einee few of the theories are so certainly settled as not to be liable to con- 
siderable modification. Hence such terms as primary, transition, secondary* 
tertiary, drift, ^c^ are objectionable, if they are not understood to refer sim- 
ply to superposition. 

Hem, Keology is often a greater evil in science than the continued use of 
objectionable terms ; continued, I mean, until terms are proposed which, are 
ao decidedly good as to force themselves into use. It is partly on thia 
ground that the terms primary, transition, secondary, and tertiary, still con- 
tinue in use. But it is partly, also, because, apart from theoretical views, 
there does exist in nature some fotmdation for a division of the rooks into 
groups of this sort. Still, those more numerous groups or formMiona into 
which the best geologists now divide rocks, are much more natural ; and 
they have come into general use, so as to exclude the terms primary, second- 
ary, <fec. 

In/, 6. Characters founded upon lithological distinctions are artificial, for 
tiie same reason that those derived from the number of stamens and pistila 
are bad in botany. 

Inf. 7. Discrepancy in classification often springs from carrying the sub- 
divisions of a formation too fiir, for t^^ same reason that characters in botany 
and zoology could not be depended on, that were derived from the varietiea 
of a species. 

Inf, 8. Finally, it appears that in all the essential principles 
of the classification of rocks, geologists are nearly agreed. They 
all admit one class to be stratified and another unstratified : one 
portion of the stratified rocks to be fossiliferous and another por- 
tion not fossiliferous. And they generally asree, also, as to the 
extent of the different distinct formations ; although some would 
make their number greater than others, — just as it is in respiect to 
species in mineralogy, botany, and zoology. Now these throe 
principles are all that are essential for classification ; and some of 
the best geologists, as may be seen by the table, limit themselves 
to these. But if others choose to subdivide the formations stili 
further, and to refer the groups to primary, secondary, &c. classes, 
even though they differ widely here, it must not be hence inferred 
that they are at variance in respect to the essential principles of 
dassifioation. 

3 
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fjulnmienti amvetiiemtfor Ihi praelUal ptotogiiL 

Eammeri. The OliiuHneter and Focbct Oomput have been nieDtion«d m 
•nother plaoe. Still more iDdispeoaable are boiuaietB. Trroortbree oftbsM 
of different aizea, with rounded taeet on one (ide, and we<^ ahaped ur point- 
ed at the other. The largest should lie a sonteirhat heavy sledge, and tha 
Vnalleet of only a fen ouaoea weight for trimminj; epedmeni. 

Siphon mul Aneroid Baronuiert. In aiuib a eountry aa ours, where th« 
heif{ltt above the ocean of ao few spots hiu been ■acertaiDed. barometers be- 
come very important to the geologist. Of the mercurial barometeri peilu^ 
the 9yphon form is the best ; although usually less accurate than the otetera 
form. But such Wometers at the beet require a good deal of care and labor 
to UM them, and caloulate the reautta. I have been, therefore, deeply in- 
tereated ia Ibe Qcir 
Fig. S4, biod of barometer, 

called the Aneroid : 
and for the hut three 
years I have made a 
great number of ob- 

bntb iu tbie countiy 

and ID Europe. And 

I am ooDvinoed, that 

with proper precau- 

tlona, It givea resulta 

of great value to (ha 

eeolt^ist. at least aa 

high as 6,000 feet I 

obtained the height 

of Snowdon and Qa- 

d«r Idvis in Wales, 

Antnid Sitnmeter. ^^^' I* Fayetta 

m Sew Hampshire 

with a good d^ree of aecuraey ; bat when I ascended to 6,000 and 1,000 

feet in tlie Alpa, my instrument became uaelesa from the want of tenatoa 

in the hair^iprir^. In smaller altitodea, and when the interval between 

tbe ofaeervation is short, I can depend upon the results within SO or SO feet, 

and usnallv less. I have found the best way to be, to ascertain the rsngea 

of the index by nDmaroui observations upon known heights — that is, how 

roany feet of vertical movement is equivalent to a change of a tenth of 

an inch by (he index. In my aim iaatrainent it is 78.47 feet ; and to aa- 

certain the diSerence of level, we liave only to' multiply this number by the 

apaoe passed over by the index in thousandths of an inch; and outtlng off the 

fi>m> right hand figures for decimals. It seems to me that this inatrumeiit 

may be made aervioeable to the practical geologist as well aa amusing to 

tbe traveller, and I have given a sketeh of it in Fig. S4. 

Dtier. As I wai sending the present edition of this work to the press, my 
friend Moies L. Hale, Esq. of Boston, presented me with an iDterestiDg io- 
atrument called a JPedomeier, intended to measure the distance which a man 
walks over ; or rather the number of eteps wluch he takes, aad which in tha 
same individnal are usually about the same length. Each step causes a heavy 
nendulum to move downward in the insti'ument, aitd rt is instantly tlirows 
bock bya apring, ao as to move Cirward several \riMela and the ii^ez. Hm 
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fiice of the instrumeDt is divided, like a watch, into twelve eqnal parts, and 
the index ought to move oyer one of them every mile. The sxetches below. 
Figs. 36 and 86, will give some idea of the face and internal strocture of thia 
infltrument. I have not bad so much opportunity as Mr. Hale to know how 

Fig. 86. 




Fig. 86. 




mach dependence can be placed upon it ; but he finds it tolerably accurate, and 
the geologist will see that even if it only approximate to a true measure of 
a man's steps, it must be of great service, in many instances. 

Deter. A most important desideratum with the geologist is the means of 
taking accurate sketches of objects which he meets in his researches, es 
pecially in surface geology. Some have great skill in sketching by the 
eye : but most geologists have not ; nor have I ever met with any perspective 
instrument that appeared to me to promise much help, till I obtained one 
invented and constructed on a new principle, by Mr. Franklin P. Chapin, 
Professor in the Natural Sciences in the Pittsfield Institute for young laches, 
and of which he has kindly consented to allow me to present the annexed 
sketch Fig. 87. It is called the Pentegraphic Delineator ^hQQSM%e it is an ap- 
plication of the pentegraph to perspective. The eye is applied to the 
eye piece A, and looks through the opening B, at the object, say a lan^- 
Bcape, to be represented. By moving the pencil at C, which ia made to press 
against the paper on the board, the cross wires in the opening B, may be 
made to pass over the outlines of the object, which will of course be repre* 
seated with perfect accuracy if the movement be skilfully made upon the 
board. By me^ins of a simple arrangement at the bottom, the inslrument 
may be made to stand firm on almost any surface, and the whole can be 
packed in a small compass. Mr. Chapin has taken out no patent, nor even 
published a description of what seems to me a very ingenious invention, en- 
abling a person, who has little or no skill in drawing, to take at least an 
accurate outline of any object. The instrument need not cost but a small 
0um, if there should be a demand for several Mr. Chapin wiU, if asked, di* 
reet any who may desire them, to eome (me who can c(»istruct them with 
neotnesa. 
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PmUgraphic Delineator, 

Rem. With the new instmmeats of inyestigatioii above described, I now g9 
forth on geological ezcurBiooswith a oooseiouineee that I can do more in on« 
week than formerly in two ; and I abnoet eavj my young friends who are jost 
entering the field, the facilities they wiU enjoy. 



soaiuB simsTAVccs n ns rocks. tH 

SECTION IL 

THE CBZMI8TRY AND XINEEALOOT OF OBOLOOT 

• 

Descr. Of the sizty simple substamoes hitherto disooyered, biz- 
teen constitute, by their various eombinations, nearly the whole 
of tiie matter yet Imovm to outer into ike oompoditioQ of the globe. 
They are as follows, arranged in three classes, according to their 
amount ; the first in each class being most abundant 

1. MetaUaidSj or the bases cf the earths and alkalies 

1. Silieium. 2. Aluminium. 3. Potassium. 4. Sodium 
5. Magnesium. 6. X^aleium. 

2. Metals Proper, 

1. Iron. 2. Manganefite. 

3. Non-Metallic Substances, 

1. O^cygen. 2. Hydrogen. 3. Nitrogen. 4. Oarbon. 5. 
Sulphur. 6. Chlorine. 7. Fluorine. 8. Phosphorus. De la 
JBech^s Researches in Theoretical Geology, p. 22. Amhersty 1837. 

Ikscr, The metallic substances mentioned aboye, united with 
oxygen, constitute the great mass of the rocks, consolidated and 
unconsolidated, accessible to man. Oxygen also forms twenty 
per. eent of the atmosphere, and one-third part hy measure of 
water. Hydrograi forms the other two-thirds of this latter sub* 
stance; and it is eyolved also from yolcanos, imd is known to 
exist in coal. Nitrogen forms four-fifths of the atmosphere, and 
enters into the composition of animals, living and fossil. It is 
found also in coaL Carbon, however, forms the principal part 
of coal ; and it exists likewise in the form of carbonic acid in the 
atmosphere, though constituting, only one thousandth part, 
Idebig's Orgamc Chemistry, p. 74; First Amer, Edition, 1841, 
and it forms an important part of all the carbonates, and is pro- 
duced wherever vegetable and animal matters are undergoing de- 
composition. Sulphur is found chiefly in the sulphur ets and sul- 
phates that are so widely disseminated. Chlorine is found chiefly 
in the ocean, and in the rock salt dug out of the earth. Fluorine 
occurs in most of the roeks, though in small proportion. Phos- 
phorus, is widely diffused in the rocks and soils, and abundant in 
organic remains. 

Descr. Nearly all the simple substances above mentioned have 
entered into their present combinations as binary compounds; 
that is, they were united two and two before forming the present 
eempoonds in wbieh they are found. The following constitute 
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neai'ly all the binary compounds of the accessible parts of the 
globe. 

1. Silica. 2. Alumina. 3. Lime. 4. Magnesia, 5. Potassa. 
6. Soda. 7. Oxide of Iron. 8. Oxide of Manganese. 9. Water. 
10. Carbonic Acid. 

Obs. It 18 meant only that these binary compoaodfl, and the sixteen simple 
sabBtances that bare been emunerated, oonstitute the hvgest part of Uie 
known mass of the globe : for many other binary oomponnds, and probably 
all the known simple substanoes, are found in small quantity in the rocks; 
but not enough to be of importance in a geological point of view. 

Descr, It has been calculated that oxygen constitutes 50 per 
cent of the ponderable matter of the globe, and that its crust 
contains 45 per cent of silica, and at least 10 per cent of al- 
umina. Potassa constitutes nearly 7 per cent of the unstratified 
rocks, and enters largely into the composition of some of the 
stratified class. Soda forms nearly 6 per cent, of some basalts 
and other less extensiye unstratified rocks; and it enters largely 
into the composition of the ocean. Lime and magnesia are dif- 
fused almost uniyersally among the rocks in the form of silicates 
and carbonates, — ^the carbonate of lime having been estimated to 
form one-seyenth of the crust of the globe; at least three per 
cent of all known rocks are some binary combination of iron, such 
as an oxide, a sulphuret, a carburet, &c. ; manganese is widely 
diffused, but forms much less than one per cent of the mass of 
rocks. 

JDeter, The following table presents an approximate estimate of the 
mean amount of metallic bases and of oxygen in some of the important roekSi - 
PhUlip'B Treatise on Q^ologyt vol. 1, p 24. 

100 parts of Granite — 62 Metallic Basis 48 Oxygen. 

** Basalt— ST « 48 ** 

«• Gneiss— 63 «* 47 «* 

« CUiy Slate— 64 f " 46 « 

<< Sandstone— 49 to 68 ** 47 to 61 

" Limestone— 62 " 48 " 

Dewr, The following table shows the approximate amount of silica and 
alumina in the most important rocks. 

Granite, 69,40 Silica. 12,84 Alumina. 

Greenstone^ 64,86 16,66 

Basalt, 62,00 14,12 

Compact Felspar, 66,60 21,00 

Gneiss, 70,96 16,20 

Mica SUte, 67,60 14,26 

Hornblende Rock, 64,86 16,66 

Talcose Slate, 78,16 18,20 

Bee De la JBeeh^e Heeearekes in TkeoTetical Geology y p. 29 and 30.. ,Al90 
Vraite £lementaire de Mineralogies par S, F» JSeudani, Tome 1, p. lift, 
Paris, 1880. 

Desbv. Seyen or eight simple minerals constitute the great 
mass of all known rocSis. These are 1, Quarts; 2, Felspar; 3, 
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Mica; 4, Hornblende and Augite; 5, Oarbonate of Lime; 6, 
Talc, embracing chlorite and soapstone; 7, Serpentine. Oxide 
of iron is also very common ; but it docs not usuallj show itself 
till the decomposition of the rock commences. 

Ohs, The student of geology should become very thoroughly ooDVersaiit 
with these minerals in all their modifications : for in the rocks their oharao* 
ters are often very obscure. 

Descr, Other minerals forming rocks of small extent, or en- 
tering so largely into their composition as to modify their char- 
acter, are the following: sulphate of lime, diallage, chloride of so- 
dium (common salt), coal, bitumen, garnet, schorl, staurotide, 
epidote, olivine, pyrites. 

Descr, A few of thesd minerals exist in so large masses as to be 
denominated rocks ; ex. gr. quartz, carbonate of lime, &c. but in 
general, from two to four of them are united to form a rook ; ex. 
gr. quartz, felspar and mica, to form granite. In some instances 
the simple minerals are so much ground down, previously to their 
consolidation, as to make the rock appear homogeneous ; ex. gr. 
shale and clay slate. 

Descr. Water constitutes a part of nearly all rocks ; but in 
most cases it appears to be me^ianically combined ; for with one 
CHT two exceptions, it does not exist in the simple minerals that 
enter into the composition of rocks, but in very small quantity. 

Obs. Id the simple minerals that have been enumerated, analyais has da 
tected water only in the following. 

Sulphate of lime (Gypsum), 19,88 per oent 

Serpentine, 12,75 

Diallage, 8,20 

Tale, 4,20 

Pyroxene (a few varieties), 8,74 

Mica, 2,65 

Quartz, 1,62 

Hornblende, 0,55 

Cfeohgical Sittiation of Useful Rocks and Minerals, 

Prin. The rocks and minerals useful in an economical point 
of view, are in a few instances found in almost every part of the 
rock series : but in a majority of cases, they are confined to one 
or more places in that series. 

Examples 

Granite, Syenite, and Porphyry : found intruded among all the stratified 
rodn as high in the series as the tertiary strata ; but they are almost en- 
tirely oonfined to the hypozoic roeks. J)e la JSeehe's Manual, p, 94. 

OreeHMt<me and Ba9alt are found among and overlying all the hypozoic and 
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fiMwOiferoqiB meks ; but they are moetly ecnaected vkh the latter* JKia 
culloeh*s Syttem of Geology, yoL 2, p. 102. 

Xovo, some varieties of which^ as Peperino, are employed Id the arte^ 
being the {aroduct of modern Tolcanos^ is found oocasioiuuly overlying ev^ry 
rock in the series. 

CZay; the common varieties used for bricks, earthen ware, pipes, Ao^ oo- 
cnr aunost ezclusively in the tertiary and alluvial strata, roroelaia dav 
results from the decomposition of granite, and is found in connection with 
that rock. 

Marly or a mixture of carbonate of lime and day, is confined to the allii- 
Tial and tertiary strata; and differ* from many yarieties of limestone, only 
jh not being consolidated. 

lAmetioiMy from which every variety of marble, one variety d alabaster 
and every sort of quicklime are obtained, is found in almost every rock, 
stratified and unstratified, below drift In the oldest stratified rocks and in 
the unstratified, it is highly crystalline ; and in the newest strata (ex. gr. 
chalk) it is often not at ^1 crystalline. The xnost esteemed ouurbles are ob> 
tained from the newer hvpozoic and older foesiliferous strata. 

Serpentine occurs chiefly in connection with the older stratified rocks. 
^Hiis IS generally the case in K. England. It is found, however, with some 
•eecmdary rocks, and not unfrequentlv with trap rock. 

Buip^€ of lAfM^ or Gyp9um, which produces one variety of alabaster, 
and is employed for taking casts, forming hard mortar, and spreading upon 
land in the atate of pQw<&, occurs chiefly in the new red sandstone series. 
It is found also in tne lias, oolite, green sand, and tertiary strata. In this 
eountry it is found associated with the paleoaoic rocks. 

Mod Salt (Chloride of Sodium) is frequently found associated with gypsum 
ID the new red aandstooew It oceurs also in the supercretaceous or tertiary 
strata ; as at the cdelxuted deposit at Wieliczka in Poland, and in Sidly, 
and Oardona (Spain), in cretaceous strata : in the Tyrol, in the Oolites ; and 
in Durham, England, salt springs occur in the coal formation. In the United 
States they issue from the Silurian rocko. Buekland% BridgewsUr Treati9$, 
ToL 1, p. 72. De laBeeh^H Manual^ p. 246. 

De9cr, li vegetable matter be exposed to a certain degree of moisture and 
temperature, it is decomposed into the substance caUS peat, whidi is dug 
fr^m swamps, and belongs to the alluvial formation. 

XAamie or Broum Coal, the most perfect variety of which is jet, is found 
chie^ in the t^tiary strata ; sometimes in the higher secondary *, and ap- 
pears to be peat which has long been buried in the earth, and has under- 
gone certain chemical changes, whereby bitumen has been produced. It 
generally exhibits the vegetable structure. 

Bituminous Goed appears to be the same substance which has been longer 
buried in the earth, and has undergone stiU farther changes ; though their 
precise nature is not well known. Its prindpal deposit is in that part of 
the ptaleozoic series called the coal formation, or coal measures. But it oo- 
<pur8 in small quantity in the jiew red-sandstone series, in England, Poland, 
and Massachusetts : and in Scotland it is worked in the lias Umestone. A 
thick bed of it has also been found in the plastic day of the tertiary strata in 
Hesse. Conyhearii Beport (1882) on Oeology to the British Association, p. 
290. Also, Philosophical Magazine, vol. 2, ^ew Series, pw 101 and 108. 

Descr, Anthradte is bituminous coal that has been deprived of its bitumen, 
usually by heat. The anthradte of Pennsylvania, of enormous extent, is in 
the true coal measures ; and it is a curious £aot that as we pass westward,— 
that Is, recede from the metamorphic and unstratified rocks of the Atlantic 
«oa8t» the quantity of bitumen increases ; so tiiat within a few hundred miles^ 
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that the beat, vhich ehanged the metunorpluc roaka, slao dmn off tba 
bitDmen. 

Doer. Tba aolhrxute of Rhode Island and of Muaaehuaetti, ii ia what 
tiiBj be called a nulamorphie Ooal Pitld: that i«, the atrata hare been mora 
acted upon and hardened bj beat thao is oraaL Id Rhode lalaud and ia 
Briatol conntj ia Hawachuietts. the foaul remains are atill (bund; bat in 
Worccater, where the bed of coal is eeveo feet thiok, □□ trace uf fb»il vege- 
tablea has been discovered; and the rocba are oonsiderably hardmed uid 
cr jatalline. mie ooal alao is mudi mora stonj and is partlikllj changed into 
plnmbaKo. 

OTapnite, Plumbago, or Slack Lead, appears to be anthradte which haa 
nndergone still farther mineraliiatiun ; at least, in some iiistane««, when eoal 
has be«n found ooatiguoue to igneous rooks, it is ooafertad iota plumbago ; 
and hence such maj have been the origin of the vhole of ill In the Alpa, 
plomb^ is ibuad in a clay slate that lies abova the lias. A%iiala dn jScimum 
IfatwK&t*, tome IS, 1S2B, p. 817. It is baud also in the ooal foimaiUMk 
nvfito Slmtmttairt it Hiiieraiogit par Fi 8. B*uJani, tome 3, p. SSS> 

Deacr. All the varieties of coal that have been described, ooonr 
in the form of seama, or beds, interBtratified with sandstones ukd' 
■h&lea: and most osaall; there are several seanu of ooal with 
voiAa between them ; the wbole being arranged in the form of a 
basin. Fig- 38, ia a aketoh of the great ooal bann of Sontii 
Wales, in Great Britain ; which contains twenty-tliree beds of 
ooal; whose united thickness is ninety-three feeL When we con- 
aider how muoti this airan^meDt facilitates the exploration and 
working of ooal, we can hardly donbt but it is the re»ilt of Divine 
Beaevoleiiee. 

Rg. sa 



Deter. The Diamond, which is pure oryetalliied carbon, haa 
been foond aworaated with new red sandstone at Golconda, India, 
and with taloose slate in Braiil. Both these rocks have been snb- 
jeot to high heat, and henCe perhaps the orvstalliiation of the car- 
bon. EdxTiburgh Journal of Science, vol. 10. p. 184. Cony- 
heare't Bffport on Geology, p. 395 and 398. In general, the 
diamond ia fonnd in drift ; having been removed &om its original 
rituation ; and we may always presume that every miQ«nl existing 
in the older rocks kUI be &niid also in drift; becauBe their detn 
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Inf, It has been inferred from the preceding facts, that all the 
Tarieties of carbon above described, had their origin in vegetable 
matter; and that heat and water have produced all the varieties 
which we now find. MaccuilocJil't System of Ckohgyy vol 2. p. 
297. 

Ahnost all the precious stoaes, such as the sapphire^ emerald, spinel, 
dir^sober^l, chrysoprase, topaz, iolite; garnet, tourmaline, dec., are found ez- 
clusiyely m the oldest and most crystalline rocks. Quartz in the varioas 
forms of rock crystal, chalcedooy, carneliaii, cacholoug, sardonyx, jasper, <fec^ 
is found sometimes io the secondary strata, and especially in the trap rocks, 
associated wiih the secondary formations. 

Descr. Some of the metals, as platinom, gold, silver, mercury, 
copper, bismuth, &c. exist in the rocks in a pure, that is, metallic 
state ; but usually they occur in the state of oxides, sulphurets, 
and carbonates, and are called ores. It is rare that any other ore 
is found in sufficient quantity to be an object of exploration on a 
large scale. 

Descr, These ores occur in four modes: 1. In regular inter- 
stratified layers, or beds. 2. In veins or fissures, crossing the 
strata and filled with ore united to some gangue or matrix. 3. In 
irregular masses. 4. Disseminated in small fragments through 
the rocks. 

Descr, Iron is the only metal that is found in all the formations 
in a workable quantity. Among all its ores, only four are wrought 
for obtaining the metal : viz. the magnetic oxide, the specular or 
peroxide, the hydrated peroxide, and the proto-carbonate. 

Manganese occurs in the state of a peroxide and a hydrate ; — ^and is oon* 
fined to the hypozoio rocks ; except an unimportant ore called the earthy 
oxide, which exists in earthy deposits. 

The most important ores of copper are the pyritous copper and the car- 
bonates. These are found in the hypozoic rocks, and as high m the secondary 
series as the new red sandstone *, in one instance in tertiary strata. Wonder* 
of Geology^ vol. 2, p. 651. 

The only ore of lead of much importance is the sulphuret This generally 
occurs in the' hypozoic rocks both stratified and unstratified ; but it exists also 
in the newer rocks as high in the series as the lias. 

The deutoxido of tin is the principal ore of that metaL This is most com- 
monly found in the oldest' formations of gneiss, granite, and porphyry : also 
in the porphyries connected with red sandstone. It is found likewise in 
quantity sufficient to be wrought in drift 

Of zinc the most abundant ore is the sulphuret, which is commonly asso- 
ciated with the sulphuret of lead, or galena. Other valuable ores are the 
carbonate, silicate, and the oxide, which occur in secondary rocks. 

The most common ore of antimony, the sulphuret, has hithertb been found 
chiefly in granite, gneiss, and mica slate. 

The principal ore of mercury, the sulphuret, occurs chiefiy in new red 
sandstone : sometimes in a sort of mica slate. 

Silver in its three forms of a sulphuret, a sulphuret of silver and anti- 
mony, and a chloride, has been foi^nd mostly in hypozoif and tnmsitioQ 
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«htes ; — sometimes ia a member of the new red sandstone sends; and in one 
instaiiee in tertiary strata. Whnders of Geology, vol. 2, p. 651. 

Gold and platinum always occur in a metallic state ; aod they have usually 
been explored in drift. They are often associated, however, with the older 
rocks ; and in this country especially, a gold deposit has been traced from 
Canada to the southern part of Georgia, and the metal is embraced in the 
talcose slate formation, in veins, usually of quartz. 

The same is the case in California ; although eruptive rocks arcthere more 
common. I believe it is in similar formations in Australasia. In Russia it 
IS more usually found in the eruptive rocks, though sometimes in the asso- 
ciated metamorphic strata, among which is talcose slate. MurehiiofCn 
Chology of Ritssiay vol 1. p. 472. See also Anste^t Gold Seeker*8 Manual, 
New York, 1849. 

Cobalt, bismuth, arsenic, <&a are usually found associated with silver^ or 
copper ; and of course occur in the older rocks. The other metals, whidb, on 
account of their small economical value, and minute quantity, it is unneces- 
BATj to particularise, are also found in the older strata ; frequently only dis- 
aeminated, or in small insulated masses. 

Ohs. An excellent and much more extended view of the geological situa- 
tion of useful minerals, may be found in Beudant's Traite Mementaire de 
Mincralogie, Tome Premier, Livre Quartieme: Paris, 1830. See also ^n- 
ateds Geology, vol. 2, London, 1844. Also Geologic applique aux ArU et aX 
Agricultwre, from M. M. L. D'Orbigny et a Gente, Parity 1851. 

Inf, It appears from the facts that have been detailed respect ^ 
ing the situation of the useful minerals, that great assistance in 
searching for them may be derived from a knowledge of rocks and 
their order of superposition. 

lllue. No geologist, for instance, would expect to find valuable beds of coal 
in the oldest crystalline rocks, nor in the tertiary strata ; but in the fossilif- 
erous rocks alone ; and even here, he would have but feeble expectations in 
any other rock except the coal formation. What a vast amount of unneces 
sary expense and labor would have been avoided, had men, who have 
searched for coal, been always acquainted with this principle, and able to dis- 
tinguish the different rocks ! Perpendicular strata of mica and talcose slate 
would never have been bored into at great expense, in search of coal : nor 
would schorl have been mistaken for coal, as it has been ! 

Bj no miheral substance have men been more deceived, than by iron 
pyrites : which is very appropriately denominated fooli gold. When in a 
pure state, its resemblance to gold m color is often so great, that it is no 
wonder those unacquainted with minerals, should suppose it to be that 
metal Yet the meresfc tyro in mineralogy can readily distinguish the two 
substances ; since native gold is always malleable, but pvrites never. This 
latter mineral is also very Uable to decomposition, and such changes are 
thereby wrought upon the rocks containing it, as to lead the inexperienced 
observer to imagine that he has got the clue to a rich depository of mineral 
treasures ; and probably nine out of ten of those numerous excavations that 
have been made in the rocks of this country, in search of the precious 
metals, had their origin in pyrites, and their termination in disappointment, 
if not poverty. This ore also, when decomposing, sometimes produces con- 
siderable heat, and causes masses of the rock to separate with an explosion. 
Hence the origin of the numerous legends that prevail respecting lights seen, 
and sounds heard, in the mountain where the supposed treasure lies, and 
which so strongly confirm the ignorant in their expectation of finding mineral 
treasures. Now all this delusion woidd be dissipated in a moment were the 
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« of a g^ofpai to rest oo sixjh spoti, or were the ekmentary pria^iplia 
o? geology more widely cUffiued in toe oominaDity. 

Another cammon delueion respects gjpenm; whidi is as often tonghi 
among the hyposEoie^ as in the seoondair and tertiary rooks : although it ia 
doabtf ul whetner gy peom has ever been foand in the former. A few years sinae^ 
however, a fisrmer in this oountry supposed that he had disoovered gypsum 
en his farm, and i>erBuaded his neighbors that such was the ease. They 
bought Uurge quantities of it> and it was ground for agriculture, when aoci- 
dentally it tras discovered that it was only Umestooe : a iiact that might haye 
bean determined in a moment at first, by a single drop of aeid. 

CoMtum, It ought not to be inferred from all that has been 
iaid, that because a mineral substance has been found in only 
one rock, it exists in no other. But in many cases we may b^e 
almost certain that suck and sudi rocks cannot contain such and 
such minerals. Of these cases, howeyer, the practised geologist 
can alone judge with much correctness, and hence the importance 
of an eztensiye acquaintance with geology in the community. An 
amount of money much greater than is generally known, has been 
expended in yain for the want of this knowledge. 

05a The chemical changes which rocks have undei^ne since their depo- 
sition, as well as the operation of decomposing agents to which they are now 
exposed, properly belong to the chemistry of geology. But these points 
will be deferred to subs^uent sections; because they wiU there be better 
understood. 
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SECTION III. 

THE LITHOLOGICAL CHARACTERS OF THE STRATIFIED ROCKS. 

Def. The lithologicai character of a rock embraces its mineral 
composition and structure as well as its e]^temal aspect, in distinc- 
tion from its zoological and botanical characters, which refer to its 
organic remains. 

Descr. The rocks will be described in a descending order and 
under the names given in the first column of the synoptical yiew 
of the different systems of classification appended to Section I« 
These Formations are, also, united into the following G-roups 

1. Alluyium. 2. Tertiary. 

3. Secondary. 4. Palaeozoic. 

5. Hypozoic, Primary, or Metamorphic. 

The stratified Bocks only are included in this series. 
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1. Alluvium. 

Jkscr. The greater part of this deposit consists of loam claj, 
Buid, and gravel, whioh have resulted from the comminutingy 
rouBdiBg, and sorting action of water, and hence it is called Alia- 
vitim, from Alluvio, an inondation or alino, to wash. Other 
agenpiea, however, that have operated simultaneoDslj and in con- 
nection with water, have produced other yarieties of rock, properly 
denominated alluvial, beci^use formed under similar circumstances 
a^d during the same geological period. 

Jbescr. In this work ^luviupoi embraces the deposit called 
Drift ; because I know not how to separate the water worn depoef- 
its of sand and gravel with occasioned boulders, from that coarser 
mixture of the same materials, in whose production ice seems to 
have been concerned as well as water ; and which seems to me to 
have been only the first link in a connected series of processes ye^ 
in operation. 

Descr. The Alluvial h^ been % long period. According to my 
own observations for a few years past (the results of which I hope 
ere long; to give to the public), the period admits of the following 
^b-divisions ; which are, for the most part, of a chronological 
character. 

Historic, or Recent Period : 
The Terrace Period : 
The Beach and Osaar Period : 
The Drift Period. 

A desoriptiom of these several stages in the (diluvial lonp^-tioii 
m ijesierved for Section VI. 

I)^iffr» Considered lithologically. Alluvium embraces the follow- 
ing stratified deposits : 

8oiL Siliceous Marl, or deposits of the dcele- 

Clay. tons of Infusoria. 

Sand. Bitumen. 

Peai Sulphate of Lime. 

Marl, Hyarate of Iron. 

Calcareous Tufa, Bog Manganese. 

or Travertin Chloride of Sodium (Sea Salt). 

Coral Reef Sandstones, Conglomerates, and 
Siliceous Sinter. Breccias. 

Prin. Soil is disintegrated and decomposed rock, with such a 
mixture of vegetable and animal matter that plants will grow in it. 

Proof, ^ 1. We see almost everywhere the rocks crumbling; down into soil 
3. Caiemieal analysis shows that the soils are composed generally of silioa, 
alumina, lime, magnesia and iron, in about the same proportion as they are 
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foond in the rocka Silica is much the most abondant uii^edicot. 8. Th« 
presence of organic matter is easily proved by burning it oft 

Clay differs from sand in two respects ; 1. The materials have been re- 
duced to a much finer state than sand : 2. It contains much more alumina. 
This probably results from the fact that, in general, aluminous minerals and 
rocks are more easily reduced to an impalpable powder than siliceous ; aod 
when so reduced, water can more easUy take up in suspension the finer partSy 
and thus will it separate more or less the silica and the alumina. Clay must 
be formed in water that has little motion. Tbe mud of our present riyera 
has in it too much of organic matter to form such pure days as we find in 
the tertiary strata, or even in more recent deposits. 

Descr, Vast accumulations of sand^ the result of alluvial 
agency, occur not merely in the bed of the ocean and in lakes, but 
also upon the dry land, where they are called dunes or doums. 
These are composed almost entirely of silica ; and being destitute 
of organic matter, cannot sustain vegetation. 

Descr. The manner in which peat is formed has already been 
explained in general terms. (Section II.) When perfectly 
formed, it is destitute of a fibrous structure, and is, when wet, a 
fine black mud : and when dry, a powder. It consists chiefly of the 
decomposed organic matter o&lleS. geine or humic ocie^, with crenio 
and apocrenic acids, phosphates, &>o., part of which are soluble, 
and a part insoluble, in water. These deposits of peat are some- 
times 30 or 40 feet thick ; but they are not formed in tropical 
climates on account of the too rapid decomposition of the organic 
matter. 

Descr. Alluvial marl is usually a fine powder, consisting of 
carbonate of lime, clay, and soluble and insoluble geine ; and is 
found usually beneath peat in limestone countries ; sometimes at 
the bottom of ponds. It is produced partly by the decay of the 
shells of molluscous animals, and partly by the deposition of the 
carbonate of lime from solution in water. It contains numerous 
small fresh water shells, and has received the name of shell marL 

f-^ Method of detecting calcareous marl. The great value of this substance in 
agriculture, and the confusion that prevails in its description, render it 
desirable to point out a test by which it can be distinguished. That test is 
an acid of some sort, the common mineral acids, oil of vitriol, aqua fortis, and 
muriatic add being the best ; but strong vinegar will answer. If the sub- 
stance effervesce, when the acid is applied, we may be sure that it is genuine 
marl: otherwise not. 

Other kinds of marls. Several other substances that contain no carbonate 
of lime have often been denominated marl by agriculturists and not without 
reason; for tbey have produced effects analogous to those of calcareous 
marl. But it seems very desirable that terms should not be applied too 
loosely, and I propose the following designations for these substances : 

CcUcareous marl : that which contains carbonate of lime in any quantity. 

Siliceous marl : that in which silica predominates, and no calcareous matter 
is present. 

AUttminous marl : that in which day predominatesy and no calcareoot 
matter is present. 
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(Sheen eana marl : that which oontams green sand. This is the snhetaooe 
that has been of late employed ivith signal suocesa as a fertiliser of land in 
New Jersey, Virginia, Delaware, Ac. If it contain any carbonate of lime, the 
compound term Calcareo-green sand marl, might be employed. 

Method of searehtTig for alluvial marL The presence of marl beneath a 
peat bog can be determined with a good degree of certainty, by fdangiog a 
pole, — ^Uie rougher the b«tter, through the peat, until it reaches tho solid 
bottom of the morass ; and, on withdrawing it, some of the marl if any exists 
will adhere to the surface ; though a coatiug of the black mud may cover iL 

Descr, Calcareous tufa or tavertiriy is a deposit of carbonate 
of lime, made by springs containing that substance in solution^ 
It forms a solid limestone, sometimes even crystalline, and of con- 
siderable extent; so as to be used for architectural purposes. 
Thermal waters produce it most abundantly, as in Central France, 
Hungary, Tuscany, and Campagna di Koma ; but it is also deposit- 
ed by springs of the ordinary temperature, as at Saratoga and in 
the Apennines. Dr. Daubeny's Report on Mineral and Thermal 
WaterSf-p, 56. London, 1837. Also De la Beetle's Manxudcf 
Geol p. 158. Also IjyelJ^s Prin. Geol vol. 2, p. 198. Tavertin 
is also precipitated by rivers, as in Tuscany ; and at the mouths 
of rivers on the coast of Asia Minor. LyelVs Prin, Geology, vol. 1, 
p. 397. Very similar are the concretionary calcareous deposits 
formed in caverns: those depending from the roof are called 
stalactiteSy and those on the floor, stalagmites. 

Descr, Coral reefs are extensive deposits of carbonate of 
lime, formed by myriads of polyparia^ or radiated animals, in 
shallow water, in the south seas. They form the habitations of 
these animals : and of course are organic in their structure. 

Descr. Siliceous sinter, or tufa, is a deposit of silica, made by 
water of thermal springs, which sometimes hold that earth in solu- 
tion. Successive layers of sinter and clay frequently occur, and 
these are sometimes broken up and recemented so as to form 
breccia. 

Descr. Siliceous marl, or the fossil shields ofinfusoria. Beneath 
the beds of peat and mud in the primary regions of this country, a 
deposit often occurs from a few inches to several feet thick, wmoh 
almost exactly resembles the calcareous marl that is found in the 
same situation. When pure, it is white and nearly as light as the 
carbonate of magnesia ; but it is usually more or less mixed with 
clay. It is found by analysis to be nearly pure silica ; and it 
turns out to be almost entirely composed of the siliceous shields, 
or skeletons, of those microscopic animals called mft^soriaj or 
animalcula, which have lived and died in countless numbers in the 
ponds at the bottom of which t^is substance has been deposited. 

Hem, The discovery of this curious fact (concerning which more will be 
■aid in. a subsequent section), in relation to this country, was made by PtoC 
Bailey of West Point. American Jowmal of Setenee^ voL 86» p. 118. Ana- 
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logow iBbatanofli ocqnr in Europe ; and tiie mort of that J J«t dMoribed, ap> 
pear* to be identical with the Argmehl of Prol Ehrenberg. 

Descr. Some springs produce ^KQ quantities of bitumen in tho 
form of naptha and asphaltnm. Their localities and extent will 
be described in a subsequent section. 

Descr. Although sulphate of lime very generally exists in th^ 
waters of springs, yet it is rarely depositecL One or two examples 
only are mentionea, where a deposit of this salt has been made : aa 
at the baths of San Philippe in jPrance. De la Beckers ManvkU, p. 
1 58. It was probably formed by volcanic action beneath the ocean. 

Descr. Hydrate (firon or oog ore, is a common and abundant 
deposit fifom waters that are capable of holding it in solution ; and 
it appears also, that this ore is often made up of the shields of 
infusoria, which are often ferruginous. Wonders cf Oeohgy toL 
% p. 660. 

Descr, Bog manganesCy also, by a somewhat similar process, is 
frequently deposited in the form of the earthy oxide, or tvad, in 
low grounds : and it can hardly be doubted but it is an alluvial 
product. B£port on the Geology of Massachusetts, 2d Edition^ 
p. 130. 

Descr, Chloride of sodium or rock salt, is very rarely deposited 
from its solution in water so as to be visible, though some hfive 
supposed that this deposition does take place extensively at the 
bottom of such seas as the Mediterranean. It is said, however, to 
accumulate in some of the cavities of the rocks along the shores of 
the Mediterranean, in such quantities as to be collected by the in- 
habitants. 

Rem, Rev. Dr. J. Perldns, Americaa Missionary at Ooroomiah, in Persia, 
etat^ that the eommon opinion amonp^ the people on the shores of Lake 
Ooroomi^, is, that frequently it deposits salt upon its bottooL At any rat^ 
tiiere is a pond at Gkivalan, on tlie shore of the lake, and separated from it by 
a narrow sand bank, whose bottom is covered by beautiful white salt, three 
or four inehes thick near the shore, and four or five feet thick in the middle, 
miis pond covers from '76 to 100 acres. 

Rem, % The waters of lake Elton in Asiatic Russia, coid of other lakes ad- 
joining the Caspian Sea^ have deposited thick beds of rock salt at their 
bottom. Dauhenjf% Report an Mineral and Thermal Water* for 1886, p. *l. 
The same is true of lake Indersk on the steppes of Siberia. Ur^s Ge<if*gy^ 
p. 873. Also of lake Bakr Amal in Ethiopia. Lyeffn Man, ofM. Qeol. p. 
996* 4th llditioD. Also in Patagonia. JhtrusifC* Oepl. Obser, on America^ pi 
74.--1846» 

Descr, Alluvial sandstone, conglomerate, arid breccia, are 
formed by the cementation of sand, rounded pebbles, or angular 
fragments, by iron, or carbonate of lime, which is infiltrated 
through the mass in a state of solution. They are not very cpm- 
s^on, nor on a very extended scale. 

Dtf, When sand is cemented, the solid mass is called sandstone : 
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ronndeji pebbles predace a conglomerate <n j^um pudding stone : 
and anguiar fragments, a breccia. 

Def, The yarieties of alluvium, that baye been described may 
be regarded as a formation in the geological sense ; and the period 
during which such a group is in the progress of deposition, maX is, 
until some important change takes place in the material or mode 
of production, is called a geological period ; and the point of time 
when the change occurs, is called an ^poch. 



DKITT. 

Bern, Owing to the diyersitj of ppinion that has prevailed 
respecting the origin of this deposit, it has received various names, 
such as diluvitinij bowlder farmoHon, erratic block-group^ ^c. 
The term diluvium is objectionable, because it implies that its 
origin was the deluge, or some deluge, the very point to be proved. 
Drift is a better term, because short and free from hypothetical 
allusions. 

Rem. 2. Under Drift geologists have included a great amount 
of deposits of gravel, sand, and clay, which, although perhaps 
originally drift, have been subsequently modified by aqueous 
agency. In this work the attempt will be made to exclude from 
the deposit all those detrital accumulations which show the modi- 
fying action of water, subsequent to the original production of the 
mass. 

I>ef. A Bowlder is a loose block of stone larger than a pebble, 
and either rounded or angular. 

JDescr. Drift is a mixture of abraded materials, — bowlders, 
gravel, and sand, — ^blended confusedly together, and driven me- 
chanically forward by some force behind. Yet in some places 
there are marks of stratification or lamination as if water had 
been concerned in the work of deposition. 

Examples, 1. The Moraines of a glacier present an excellent type of Drift* 
except perhaps that in this country the latter shows more eTideuce of lami- 
nation in portions of the deposit 2. The accumiilations produced by moun- 
tain idide8» with the same exception. 8. The same by large icebergs, so far 
as they act within sight. 

Descr. Drift is distinguished from the tertiary by lying always 
above it ; and by the absence of organic remains ; and from modi- 
fied drift, by always lying beneath it, and being less comminuted. 

Descr. Modified drift is not only stratified and laminated, but 
sorted also ; the size of the fragments thus selected, depending 
upon the force of the current that did the work. Drift is usually 
not sorted ; sometimes it is so in particular places. 

Rem. It must be confessed that it is nearly impossible to draw 
a line of distinction between drift and modified drift. For in 
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many places we find Isr^ bowlders bedded in hills of sand, n^ieh 
seems to show that while water was active in comminnting and 
sorting the materials, the agent that truisported the bowlders was 
still in operation ; and the mind is led natorally to the coudosion 
that the whole series of changes exhibited in the saperficial de- 
posits smoe the terti&ry period, has been the resnit of the same 
agencies more or less modified. But more of this in Section VI. 
DescT. The Bowlders bo characteristto of drifli are sometimes 
seen insulated npon other rocks, and bo equally poised, that a small 
force will make them oscill&te, though weighbg many tons. They 
are called Rocking Stones. 

P1^ Sd, exhibit* a roekiDg tioae in the wrat put of Barr^ Mao. 



RocHng Stone: Barra. 

FJK.V), ibowiaroaldDgitone in Fall River, MtM, proaed npraigrautc^aod 
wd^ing 1 60 tout. 



Rucking BtOHt: Fail Rivtr 
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Des^r, Minj of the most valuable of the precious stones and 
fiietals are found in drift ; such as the diamond, the sapphire, the 
topaz, the ruby, and the zircon ; as well as platinum, gold, and tin. 
Platinum, gold, and the diamond are explored almost ezolusively 
in this formation. Tableatiz des Terrains j p. 115. 



2. TERTIARY STRATA. 

{Supercretaceous Group of De la Beche, Cainozoic Period, 

Kogers.) 

Hiitorieal Rem, Until the publication by Cuvier and Brongniart of their 
memoir on the tertiary strata around the city of Paris in 1810, these forma- 
tions were confounded with alluvium. Since that period, other similar«de- 
posit'S have been studied with diligence and success ; and it is found that ter- 
tiary strata occupy more than half the surface of Europe ; and in this coun- 
try they embrace much of the leyel region in the eastern part of the middle 
and southern states. 

Descr. The tertiary rocks have been divided into four distinct 
groups of marine strata, distinguished by important peculiarities 
in their organic remains, and separated from one another, by strata 
which contain fresh water and terrestrial remains. Btickland's 
Bridgewater Treatise^ vol. 1, p. 76. 

Rem. Marine strata are easily distinguished from those of fresh water 
origin, by the occurrence in the former of animals peculiar to the ocean, and 
in the latter of those peculiar to fresh water. 

Descr, Mr. Lyell has divided these strata into four groups, to 
which he gives the names Eocene^ Miocene, and Older and Newer 
Pliocene, In the first, the number of shells identical with living 
species is very small, only 3.5 per cent. In the second group, 
reckoning upwards, it is 17 per cent. : in the older pliocene, 35 to 
50 per cent., and in the newer pliocene, 90 to 95 per cent. And 
by this character are the groups distinguished. IjyeWs Elements 
of Geology, vol. 1. p. 280. Other geologists object to these 
characters as too indefinite. De la Beckers Theo^eticai Geology, 
Chap. xvii. PhiUips^ Edinburgh Treatise on Geology, p. 180. 

Descr, The tertiary rocks are in general distinctb^ stratified, 
and the strata are usually horizontal. In some cases, however, (as 
in the Isle of Wight and at Gay Head,) they are inclined at a 
large angle. 

Prin. All the stratified rocks appear to have been originally 
deposited from water. 

Proof, The manner in which the mgredients of these rocks are arranged, 
Tiz. in parallel strata and laminse, is precisely like that of the subaqueous 
deposits which are now forming in many localities, so that these latter need 
only to be hardened into stone, (when they are not already consolidated,) 
and in some cases rendered more crystalline, in order to be converted into 
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ilie former. And by no other agent that we know o^ by nrhieh rodn ant 
lormed, is a stratified and echistose arraogement produced. Again, the ma 
teriaU oomposiog these stratified rocks, viz. clay, Rand, and carbonate of 
lime, are very similar to those deposits which water is now producing. And 
further, the organic remains which many of these rocks contain, can be ao- 
oonnted for only on the supposition that the rooks enveloping them were de- 
posited from water. 

Descr, Bocks are deposited by water in two modes : first, fMi 
mere sediment^ by its mechanical agency, in connection with 
gravity : secondly, as chemical precipitates from solution. 

Def. The first kind of rocks is called mechanical or sedimentary 
rocks ; the second kind, chemical deposits. 

Descr, As a general fact, the lower we descend into the rook 
series, we meet with less and less of a mechanical and more and 
mq^e of a chemical agency in their production- The bypozoic 
stratified rocks have generally been regarded as destitute of every 
m«rk of a mechanics origin except weir parallel arrangement; 
but in fact, the greater part of them are made up of the fragments 
of crystals more or less worn and cemented together. 

Rem, I possess specimens of mica slate, talcose slate, and quartz rock, 
from various parts of New England, which are made up of fragments as die- 
tinctly rounded by attrition, as those of any fossUiferous conglomerate ; and 
these pebbles are cemented by similar materials in a finer state. Most of 
these specimens are associated with highly inclined strata of the oldest rocks 
in New England. They are good examples of what are called metamorphic 
roeJcB, Phillip^ Geclogy^ p. 76. 

Descr In the fossiliferous rocks we sometimes find an alterna- 
tion of mechanical and chemical deposits ; but for the most part, 
these rocks exhibit evidence of both modes of deposit, acting simi4- 
taneoudy. 

Rem, It is difficult to oonceiye how any rock can be consolidated without 
more or less of chemical agency, except perhaps in that imperfect consolida- 
tion which takes place in a,rgiilaceous mixtures by mere desiccation. Even 
in the coarsest conglomerate there must be more or less of ohemical union 
between the eement and the pebbles. 

Descr, In the tertiary rocks a mechanical agency decidedly 
predominates : nevertheless, several beds are the result of chemical 
precipitation ; as gypsum, limestone, and rock salt. 

Descr, The varieties of rocks composing the tertiary strata are 
concretionary, tu&ceous, argillaceous, and siliceous ; or limestone, 
marl, plastic clay, siliceous and calcareous sands, green sand, gyp- 
sum, lignite, rock salt, and buhrstone. 

3. S£:CONDARY ROCKS. 

Zy. Under Secondary Rocks are included all those from the 
Tertiary downwards to the base of the Trias, or Upper New Eed 
Sandatone. The Oretaceoua System is considered a£ the Newer 
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Secondary; tha Wealdeu, Oolite, tiid Lm, aa die Middle Seoond* 
aiy ; and the Triassio System as the Older Secondary. 

1. Cretaceous System. 

Deter, In Enrope this formation is usually charaeterised by 
the presence of chsdk in the upper part, and sands and sandstones 
in the lower. In this country, chalk is wanting; yet it seems to 
be well established that the Ferruginous sand formation is the 
equivalent of the ohalk formation of Europe. Dr, Morton in 
Journal of Academy of Natural Sciehpes^ vol yi Also Armari' 
can Journal of Science^ voL xvii. p. 274, and xviiL p. 243, and 
zxiv. p. 128. 

Descr. The cretaceous system is thus arranged by Dr. Fitton, 
leaving out the Wealden, which, in this work, is regarded as a dis- 
tinct formation. 

iUpper^ 
Lower, 
Marlj, 
Upper Green Sand, 
Gault, 
Lower Green Sand. 
Observ€Ui<ms on some of the Strata between the Ohalk and Oxford Oolite in 
the South Mist of England, by W, JS, Mttoti, p. 105. London, 1836. 

Descr. Chalk is a pulverulent carbonate of lime, and its varie* 
ties have resulted from the impurities that were deposited with it. 
The upper beds are remarkable for the great quantity of flints dis- 
persed through them, generally in parallel position. 

Descr, Green Sand is a mixture of arenaceous matter, with a 

peculiar green substance greatly resembling chlorite, or green 

earth. 

Composition, Green sand has been analyzed with much care by Bevoial 
distinguished chemists with the following results : 

French Green Sand English Do, Massachusetts Do, N, Jersey, Do, 

ByM, By Prof By Dr, S By Prof H, 

Berthier, Turner, L, Dana, D, Rogers,* 

SUica, 6a0 48.5 Se.'ZOO 49.27 

Protoxide of IrcHi, 21.0 22.0 20.100 24.67 

Alumina, 7.0 170 18.820 7.71 

Water, 11.0 7.0 7.000 5.91 

Potassa, 10.9 traces 9.99 

Lime, 1.624 5U)8 

Magnesia, 8.8 1.176 

Manganese, traces and 1o8bs=0.080 

See Dr. PUton on the Strala below the Chalk, p. 109. Also, Prof H, D» 
Roger i Report on the Geological Survey of New Jersey, p. 74> et seq, Alsa 
Fwal Report on the Geology of Massachusetts. 

■ II i.iiiB , I I.I ■ M l ■*— iaiMi ■■I I I — — — » 

* Hie meaa of eight aaalysea 
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27Wo^ Oreen Sand. This mbstanoe hsB been applied within a fev years in 
this country with great Buocess as a manure, especially in N. Jersey. If it« 
fertilizing power depends on the potassa alone, the English and Massachu- 
setts deposits would be of no value ; but i^ as some suppose, the oxide of 
iron ana the other ingredients assist in this respect, it may proye of great 
importance. 

j)escr. Gault or Odli, is a provincial name for a blue clay or marl, form* 
ing an iuterstratified bed in the green sand of England. 

2. WeaJden JFbrmation, 

This formation embraces, I. j[%e Weald Clay; % ffa$Hng»8and; 8. Ptir- 
beek Strata, They were first described in the South East of England, 
chiefly in the toeeUoB or woods of Sussex and Kent, and are composed of beds 
of limestone, conglomerate, sandstone, and clay, which abound in the remains 
of fresh water and terrestrial animals, and appear to have been deposited ia 
an estuary that once occupied that ^rt of England. Similar beds occur in 
Scotland, and in a few places on the European Continent. 

Hem. Some of the most remarkable fiicts in fossU feolo^j have been de- 
riyed from this formation, which will be found described m Dr. ManteWs 
Jllltt9tration8 of the Geology of SuaseZt dse. And in his Geology of the South 
Matt of Enqlani; also in Dr, FUton*» Obeervottione on the Strata below the 
Chalk; and in Dr, MantelVe Wondere of Geology, 2 vols. 1888. 

3. Oolitic Fbrmation. 

Descr. In many of the rocks of this series, small calcareous 
globules are imbedded, which resemble the roe of a fish, and hence 
snch a rock is called roestone or oolite. But this straoture ex- 
tends through only a small part of this formation, and it occurs 
also in other rocks. 

Descr. The oolite series consist of interstratified layers of clay, 
sandstone, marl, and limestone. The upper portion, or that 
which is oolite proper, is divided into three systems or groups, 
called the upper, middle, and lower, separated by clay or marl 
deposits. 

The Upper Oolites in England consist of, 1. The Portland Stone ; 2. Port- 
land Sand; 3. Kimmeridge Clay. The Middle Oolites embrace, 1. The Up- 
per Calcareous Grit; 2. Coral Bag; 8. Lower Calcareous Grit; 4. Oxford 
Clay; 6. Kellotoa^a Rook. The Lower Oolites are divided into, 1. Corn- 
brash; 2. Forest Marble ; 8. Great Oolite and Bradford Clay; 4. Carbon^ 
aeeous Gritstones and Shales, Stonesfield Slate and Fullef's 'Earth ; 6. Infe^ 
rior Oolite ; 6. CalcareO'SUiceous Sand Ansteds Geology, vol 1, p. 85*7. 

Descr. In this country no genuine oolite has been found. But the remark- 
able coal field in eastern Virginia, near Richmond, is most probably of the age 
of the oolite and lias, as has been shown by Professor W. B. Rogers. ZyelTs 
Manual of Mementarg Geology, 4cth Edition, p. 284, London, 1852. 

4. Lias 

Descr. Lias is a rock usually of a bluish color like common 
clay ; and it is indeed highly argillaceous, but at the same time 
generally calcareous. Bands of true argillaceous limestone do, in« 
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deed, oocar in it, as well as of calcareous sand. It has been nsoal 
to describe it as a member of the oolitic series. But it is widely 
diffused ; is very marked in its characters, and contains peouliajr 
and yery interesting organic remains. 

5. Triassic System^ or Upper New Red Sandstone. 

Item. Until quite recently, all the stratified rocks between the lias and the 
ooal measures, nave been regarded and described as a single group, under the 
name of New Bed Sandstone, Saliferous System, <&o. But it is found that the 
foBsUs of the two lower divisicms of this system correspond with those in the 
Newer Palaeozoic Series, much nearer than with those of the lias, or oolite ; 
while those in the three upper divisions, approach nearest to the fauna and 
flora of the secondary rocks. 

Descr. In Continental Europe the Triassic System is divided 
into three distinct groups, and hence its name : 1. Variegated 
Marl^ {Marnes irisees of the French^ and Keuper of the Grermans ;) 
or indurated clays of different colors, with a predominance of red. 
With this, gray sandstone and yellowish magnesian limestone are in- 
terstratified. Beds of gypsum and rock salt are common. This is 
the upper member of the series. 2. Muschelkalk^ a gray compact 
limestone, occasionally dolomitic. This does not occur in Great 
Britain, nor as we know, in this country ; and hence a good deal 
of difficulty in distinguishing the upper from the lower divisions. 
3. Bed or variegated Sandstone, ( Gres Bigarre of French writers, 
and Bunter Sandstein of the Germans.) Its colors are white, red, 
blue, and green ; which often give a strikingly variegated appear- 
ance to the rock. Its composition is chiefly siliceous and argillace- 
ous, with occasional beds of gypsum and rock salt, which, however, 
are often wanting. 

Hem. This rock, especially where the Muschelkalk is wanting, is very de- 
^dent in organic remains. But it is in this formation chiefly that those re- 
markable footmarks are found whieh have of late excited no small interest. 

4. FALJ30Z0IC ROCKS, OB. PRIMAKT FOSSILIFEROUS. 

Def This class of Bocks extends from the base of the Triassic 
System to the bottom of the fossiliferous rocks, embracing deposits 
of vast thickness. The lower portion, or the Devonian and Si- 
lurian Rocks, were formerly called the TVansition Class, and 
sometimes Graywacke. The subdivisions of the Palseozoic Strata 
are, 1. The Newer Palasozoic, or the Lower New Red and the 
Carboniferous System. 2. The Middle PalceozoiCy or Old Red 
Sandstone ; and 3, the Older Palceozoic or the Silurian. 

1. The I/noer New Red Sandstone, or Permtan System. 

Descr. In Germany and England the Lower New Red System 
presents two very distinct groups of rocks; the highest is a Uag- 
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nosian Limestone, and the lowest Sandstone. In Germany tbe 
limestone is called Zeohstein, and its subdivisions are Letten^ 
Stinkatdn^ and Rauwcucke^ with some shaly beds beneath of ar- 
gillaceous, bituminous, and arenaceous schist, called Kuperschetfer 
or copper slate, because sometimes worked for copper. The sand- 
stone beneath the schists in Germany, (and frequently also in 
England and America,) is called RolJietadtdiegendey or red decui 
Iter ; red as to color, dead as to metallic ores, and underlying the 
copper slate. 

Descr. The Permian system consists of numerous strata of great 
extent in Russia, (700 miles long and 400 broad,) in the ancient 
kingdom of Permia, made up of common and magnesian limestones, 
with gypsum and rock salt conglomerates, red and green gritstones, 
shales, and copper ore, lying in a trough of the carboniferous 
strata, and below the Triassic system. Hence it has been very 
probably referred to the Lower New Red System. 

Rein, It ifl not yet settled whether the Lower New Red Saodstone oCicmrs 
ID North America, though some of its most remarkable fish, — ^the Pabsoiusci, 
are common here. 

2. Carboniferous System. 

Descr. This system derives its name from the great amount of 
carbon, or coal found in it ; it being in fact the only deposit, with 
a few exceptions, that contains good coal in wor^ble quantity. 
It is made up of two distinct varieties or groups of rocks. 1 . Caai 
Measures. These consist of irregularly interstratified beds of 
sandstone, shale, and coal. Frequently these are deposited in 
basin-shaped cavities; but not always. These rooks abound in 
faults produced by igneous agency ; whereby the continuity of the 
beds of coal is interrupted, and the difficulty of exploring for coal 
increased in some respects ; but in other respects facilitated ; so 
that upon the whole, these faults are decidedly beneficial. 2. Car- 
boniferous Limestone. A gray compact limestone, traversed by 
veins of calcareous spar, and frequently abounding in organic re- 
mains. Encrinites are sometimes so abundant that the rock is 
called encrinal limestone. It is also called moufUain limestone^ 
and metalliferous lirnestonej since in England, as well as in North 
America, it abounds in lead ore. 

J)e9er. The coal measures exist ia almost every country of much extent, 
and form one of the most important sources of national wealth and happi- 
ness. In England not less than 6,000,000 tons of coal are yearly raised from 
the mines of Northumberland and Durham ; at which rate they will be ex- 
hausted in about 250 years. In South Wales, howeyer, is a coal field of 
1,200 square miles, with 98 beds, whose total thickness is 95 feet ; and this 
will supply coal for 2,000 years more. BakewelFs Geology, p. 125. In Great 
Britain about 15,000 steam engines are in operation by the use of coal, with 
a power equal to that of about 2,000,000 of meo. The machinery moved h| 
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dm pow«r has been supposed equiyalent to that of between 800i,000,000 and 
400,000,000 men hj direct labor. Well may Dr. Buckland say, " we are al- 
most astounded at the iaflueiice of eoal and iron and steam upon the iate and 
fortmies of the hnraan race." BrUgewater Treatite, yoL 1, p. 68S. 

Deter. The following table presents some interesting Csotstn respeet to the 
extent and produce of the mines in several of the best ooal-producing coun- 
tries. 



oouirraiss. 



Great Britain 

^B«3^um 

TJmted States ^ 

France •«.«..... 

Prussia • 

Austria 

Total 



Square Miles 
of Swfiiee. 



11,859 

618 

183,182 

1719 



Tons of Coal In 
1845. 



31,500,000 
4,960,077 
4,400,000 
4,141,617 
8,600,000 
659,840 



49,161,084 



Talae In 
Itollan. 



45,788,000 
7,689,900 
6,650,000 
7,668,000 
4,122,94« 
800,000 



72,668,845 



Rem. Of the above amount in France 152,900 tons are Brown eoal from 
tertiary strata, and 700,000 tons in Prussia. 

Deacr. The amount of surface underlaid by coal, as stated in the preceding 
Table, in the United States, is too small ; some large deposits having been 
traced out siooe 1845. The great Appalachian coal field, extending from New 
York to Alabama, 720 miles, covers nearly 100,000 square miles ; the Indi- 
ana coal field, 850 miles long, 55,000 square miles. T^e Michigan field, 150 
miles long, 12,000 square miles; the Missouri and Iowa coal field, 50,000 
square miles; and tne small fields in Massadiusetts, Rhode Island, and 
Virginia, cover perhaps 1,000 square miles : Total, 218,000. This is more 
than 27 times as large as Massachusetts; and if we add, say 12,000 square 
miles for the coal ^Mj in Nova Scotia and New Brunswick, we shall have a 
surface equal to nearly 29 such States. If we suppose the average thickness 
of all the beds over this surface to be only 25 feet, (some single beds have 
twice that thickness, and the number of beds above one another is often 
great,) the whole amount of coal in solid measure in this country, would be 
not far from 1,100 cubic miles. One cubic mile contains 7,174,537,216 tons 
of coal, each cubic yard weighing about 1.316 tons. Supposing the yearly 
consumption of coal in the country to be 7,000,000 tons, one cubic mile would 
last 1,000 years, and 1,100 cubic miles would last one million onb hcndred 
thousand years. 

3. Old Red SandsioTie, or Devonian System. 

Zkscr, The Middle PalaBOzoic Rocks consist of a deposit of vast 
thickDess and extent^ which, in Scotland and England, has long 
been known as the Old Red Sandstone ; but it has been denom- 
inated the Devonian System, by Professor Sedgwick and Mr. 
Murchison, because largely developed in Devonshire, and proved 
by them with great labor and singular sagacity to be contempora- 
neous with the Old Red Sandstone of other regions. In Scot- 
land, this formation is not less than 10,000 feet thick. In Eng« 

4 
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Und it IB divided into three groups : 1. Old Red Canglmteraiey 
which is the uppermost diTision : 2. CornsUme and Marly or ar- 
gillaoeouB marly beds, alternating with sandstone, and sometimes 
witib impure limestone : 3. THesitone^ or fisile beds, used sometimes 
for tiles. In other countries other varieties of rock are found in 
thu^ formation, such as red and green flags, black calcareous slatj 
masses, and magnesian limestone. But the organic remains iden- 
tify the formation in different regions. These consist of ntlmerous 
peculiar corals, radiata and mouuscs; but more especially of pe- 
culiar fishes. 

Descr. This formation is widely developed on the continent of 
Europe, as in Belgium and Westphalia, France and Spain. In 
Bussia it covers more surface than the whole of Great Britain, not 
less than 150,000 square miles. In the United States it occupies 
extensive tracts, as may be seen by a reference to the Geological 
Map connected with my outlines of the Geology of the Globe. 
Ansted^s Geology ^ vol. 1, Chaps, vii. viii. ix. x. Murchisan's 
Geology of Russia^ vol 1. Chap. iv. 

4. Silurian System^ Murchisen. Graytaacke of Othet r. 

Desor, The vast deposits which are now described under this 
same, embrace all the fossiliferous rocks below the Devonian, or 
Old Red Sandstone. A few years since Professor Sedgwick gave 
an account of fossiliferous rocks still lower, under the name of 
Cumbrian and Cambrian Systems ; from the name of the region 
where they are developed in Great Britaiq. But it seems to be 
now agreed among the best English geologists, that the organic 
remains in the Cumbrian, Cambrian, and SQurian groups, are too 
much alike to allow them to be s^arated from one another, and tiiey 
are accordingly all united in the Silurian System. Murchis(nVs 
Anniversary Address brfore the London Gedog, Society ^ 1843. 
Also Ansted's Geology ^ vol 1, p. 93, et seq. Professor Emmons, 
however, contends, l£at what he calls the Taconic System in this 
country, lies below the Silurian. The Taconic System^ p. 5. 
AJbawy^ 1844. 

Descr, The Silurian System is divisible into two great groups, 
which are probably about as distinct from each other as the other 
groups that have been described 

1. Tipper Silurian Rocks. 

JDescr. This series embraces the Ludlow and Wenlock rocks of 
Murchison's Silurian System, and the Upper Cumbrian and Cam- 
brian rocks of Sedgwick The Ludlow and Wenlcck Formations 
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ooQsist of shales and limestones oonformably intersiraiified, wiiJi 
the following names, beginning with the lowest 1. Wenlodk 
Shale. 2. Wenlodk Limestone 3. Lower Ludlow Shale. 4. Ay* 
mestrj Limestone. 5. Upper Ludlow Shale. The Cumbrian and 
Oambrian rocks are mostly argillaceous and calcareous slates, fre- 
quently fossiliferous and alternating with porphyries and feldspap-^ 
Tock of igneous origin. These slates occasionally pass into flag- 
stones and thick sandy beds of the roek called by the Germans 
Cfrautoac^y which is a gray micaceous sandstone. AnseeePs 
Geology, vol. I, Chaps, ii. iii. and iv. Murckison^s Silurian 
System^ toL 1, p. t95t Londoriy 1839. 

* 

2. hower Silurian Roc/cSj Murcldson. Cambrian Rocks and 

Caradoc Group of Sedgwick. 

Descr. The two most important varieties of the Lower Siluriai; 
Kocks, as described by Mr. . Murchison in G-reat Britain, are the 
Caradoc Sandstone and the Llandeilo Flags. These rest upon 
the strata of the Cambrjan Series, and pass into them insensibly. 
The entire series, including also a portion of the Cumbrian Sys 
tend, is highly argillaceous, or arenaceous ; the clay being changed 
into slates, or shales, with cleavage planes, and the sand into fissile 
sandstones. Interstratified, however, among these argillaceous 
and arenaceous strata, are occasional bands or lumps of calcareous 
matter, containing organic remains, which occur also in the e^tes. 
MurthtsorCs Silurian System, voL 1, p. 216. AnstecPs Geology ^ 
vol. 1, p. 108. 

JDescr. The Silurian and Cambrian Bocks are described as of 
great thieknesSj certainly many thousand feet: But their ezaet 
thickness has not yet been ascertained. In the Tabular View, 
Section I., I have given the thickness at 30,460 feet. 

Descr, The Silurian Bocks, embracing also the Cumbrian and 
Cambrian, occupy large areas in Belgium, Germany, Scandinavia, 
and. Bussia, as well as in North and South America. Their great 
extent in the United States may be seen in the Geological Map of 
N. America above spoken of. Their thickness here is certainly 
as great as in Europe ; and they appear to be more fully developed 
in this country than in Europe ; since we have several varieties 
here not found there. Mr. Conrad thinks there are good grounds 
for a threefold division of th^se rooks in this country ; the groups 
being as distinct from one another as they are from the Dev<mian. 
Jirur, of Acad, Nat, Sci., FkU. 1842, vol. viil part 2, p. 2Ea. 
As will be seen by a reference to the Tabular Yiew at the ead of 
Section L, the New York Geologists divide the Silurian and De* 
¥onian Systems into 28 distinct Groups, 11 of them, aeoording 
to Hail and Yemeni, belonging to the PevoaiaB, 10 to the Upper 
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Sfltffian, and 6 to the Lower Silurian Group. American Journal 
Sciaux^ vol. 7, iV. Series^ p. 219. This is YerDeuiPs arrangement: 
but Prof. Hall thinks the Oriskana Sandstone to be debateable 
ground, and fixes the base of the Devonian System at the bottom 
of the Sohoharie Grit, or the upper limestone series of the Helder- 
berg. Farther west this horizon passes between the lower or 
Niagara Group of the Cliff Limestone, and the upper part, or 
Onondago and Carboniferous Limestone. Mr. Hall and others, as 
Prof. W. B. and H. D. Rogers, and Prof. W. W. Mather, regard 
the Taoonio System as merely certain members of the New York 
System, that have been subjected to powerful igneous metamor- 
phio action. 

HTPozoic, {Sedgwick) hypogene or metamorfhic, {Lyell) crys- 
talline, OR PRIMARY ROCKS. 

Bern. 1. The rocka to be described (including granite, porphyry, &m.) vera 
called Primary, because they' were supposed to haye been produced before 
the deposition of the fossili&ious strata already described : whereas it now 
appears that some of these rocks, especially the unstratified, haye in some in- 
stances been formed at a later period. The term Hypogeme (nether'formed, 
or formed beneath the earth's crust,) is intended to express this fisust. Bat it 
represents all the non-fossilifcrous rocks as thus formed ; which would not be 
admitted by many geolc^ista. The term Metamorphic implies that these 
rocks haye been altered since their original production ; which would be ad- 
mitted to a greater or less extent by idl geologists ; but the same ia true of 
the rocks already described, especially of the older ones. The term Sypo» 
woie proposed by Prof Sedgwick, signifies only that the rocks embraoea in 
the series lie beneath those containing fossils, and therefore is quite free from 
hypothesis ; which cannot be said of either of the other terms. 

Kem, 2. To find the oldest fossiliferous rock has been, and still is, a problem 
of great interest with^geologists.- In Europe, the prevailing opinion seema 
now to be that the Lower Silurian is the true Protozoic Group : though Bfr. 
Lyell contends that eyen the azoic rocks may have been once fossiliferous, 
and that the organic remains have been obliterated by metamorphic action. 
In this country the Potsdam sandstone of the New York System, is usually 
regarded as the oldest rock containing animals and plants. We haye seen 
that Professor Emmons belieyes in a fossiliferous series still older ; viz, Ike 
Taconic. Prof, H. D, Rogers^ Address before Geol. Atsoe, at Washington in 
1844. JEmmoni Taconic System; HalCSy Vanitxem*8, and Mather's Reports 
on the y. York Survey, 

Rem. 3. As the non-fossiliferous rocks haye no settled order of superpost- 
tion, different writers will describe them in different orders. I shall giy« 
them in the order in which they most usually occur, especially in this opuntry, 

1. Clay slate or argiUaceotis slate. This rock is composed of 
fine argillaceous matter which has a fissile structure, and in the 
oldest varieties its surface is more or less shining from chloritic or 
plumbaginous matter. Its principal deposit has already been de- 
scribed, as a part of the Oumbrian and Cambrian Systems. But 
it occurs frequently interstratified with mica slate and quarti . 
rock ; and must, therefore, be regarded as a non-fossUiferous rock. 
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Tet on the other hand, it also oocurs mtentratiiled with fosflolifer* 
ous grajwacke. There seems, therefore, a necessity for regarding 
clay slate as belonging both to the fossiliferous and non-fossilifer- 
ons strata. The farther we recede from the line separating these 
two classes of rocks, towards the oldest, the more highly glazed 
does the clay slate become, until it passes at length insensibly into 
mica slate, talcose slate, or hornblende slate. But receding from 
that line in the other direction, its surfisice becomes more duU, and 
its texture looser, until it forms what is usually termed shale ; and 
if we follow it still higher up in the series, it beoomes gradually 
changed into unconsolidated clay. 

Mem, A yariety of day slate need for whetttooes and hones is called ^ohet- 
tione sUUe. Some of the best stones^ howeyer, are compact felspar. The 
common notion that they are petrified wood, is utterly gromidless. Orapkie 
date or drawing tlate, is a yariety of day slate that contains several per cent 
of carbon. The best noyaculite, or honestone, in this country, comes from 
Wisconsin and Arkansas. This is nearly pure dlez. 

2. Quartz rock. This rock is essentially composed of quartz, 
either granular or arenaceous. The varieties result from the in- 
termixture of mica, felspar, talc, hornblende, or clay slate. In 
these compound varieties the stratification is remarkably regular ; 
but in pure granular quartz, it is often difficult to discover the 
planes of stratification. It is interstratified with every one of the 
hypozoiorocks, and also with graywacke ; in which last case it often 
assumes a decidedly mechanical structure ; and even when a mem- 
ber of the primary series, this structure is sometimes visible. 
Macculloch's Principles of Creology, vol. 2, p. 174. Also Cho- 
logical Classificationy p. 317. 

Bern. The arenaceous varieties of this rock form ^good firettoHee; that is 
stones capable of sustuning powerful heat. Some varieties of itfioa slate are 
still better. Gneiss of an arenaceous composition is also employed ; as are 
several varieties of sandstone of different ages. The firestone of the English 
green sand, is a fine siliceous sand cemented by limestone. Mtt<ni on the 
Strata below the Chalk, p. 187. 

3. Sbrnblende slate. Hornblende predominates in this rock ; 
but its varieties contain felspar, quartz, and mica. When it is 
pure hornblende, its stratification is often indistinct, and it passes, 
by taking felspar into its composition, into a rock resembling 
greenstone. It occurs in every part of the hypozoic series ; but 
its more common associations are argillaceous slate, mica slate 
and gneiss ; into which it passes by insensible gradations. 

Variety. Dr. MaocuUoch describes actynolite schist^ as distinct from horn 
Uende slate ; but as mineralogiBts now regard the two minerals as only one 
spedes, it is unnecessary to separate the rocks. 

4. Talcose slate. The talc in this rock, which is the essential 
ingredi^dt, and is sometimes in a pure state, is usually mixed with 
quartz and uiica, and sometimes with limestone, felspar, and horn* 
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blende. It is asfloeiated sbmelimes with argOlaoeoiis slate, and 
even j^ywacke ; but usually, at least in the United States, with 
mica mate, and rarely with gneiss* 

VaruHea. Chlorite date is only a variety of talooBe slate, in which the talo 
is almost palyerulent and compaet^ of a green color, and in much larger 
quantity than the qoarta. Steatite is often nothing but schistose talc, which 
it adherent eooogh to be wroiu^t^ and at other times it is somewhat graou- 
lar, and slightly indurated, llus is the valuable stone so extensively isaed 
for furnaces, lire-plaoes, aqueducts, <&a, under the name of toapttone or free- 
ttone. 

Oha. Most of the Beds of steatite in Kew England, lie at the Junction of 
ialcose and hornblende and mica slate, 

MBtaanorpkie^ Hfpozaie, or Frimary lAmestone, Its strata 
alternate with hypozoio rocks. Dr. Maccullcoh considers such al- 
ternation the only decided proof that a limestone is primary. 
Principles of Creology^ vol. 2, p. 209. Others, as De la Beohe, 
make its primary character to depend more upon its crystalline 
state ; and hence assert that it occurs interstratified with fossil- 
if<»ous rodiis. Manual of Geology^ p. 435. It is generaUy 
white and crystalline, resembling losif sugar so much as to be 
called saccharine. But in some situations it is dark colored, by 
being penetrated with other rocks, and also nearly compact. 

Rem, When this rock occurs in the unstratified dass, and also in some of 
the older stratified ones, it is often nearly or quite destitute of stratification, 
(Ex. gr. the limestone beds in syenite in Newbury and Stoneham, and in 
gaeisB at Bolton, Massachusetts; also in hornblende slate in Smlthfield, 
1l I ; and in granite, in St Lawrence and Essex County, N. Y). Hence it 
has been proposed to put primary fimestone into the uustratafied dass. 
Prof, EmvMm£ Report on the Geology of the Second JHetriet of Net» York, 
1842, p. 87. In many cases, however, it is most distlQCtly stratified ; as for 
instwce, in the bed lying between strata of gneiss on Cole's Brook, in the 
west part of^Gddlefield, in Massachusetts. The interesting examples given 
by Prof Emmans in St. Lawrence County, in his report above referred to, do 
indeed prove that this rock may exist sometimes in the form of veins in 
granite. But looking at all the facts on the subject, they seem more 8atis£AO« 
torily explained by supposing primarv limestone a metamorphic rock, which 
may therefore be fooad both stratified and imstratified, than by regarding it 
aa always aoHtratified and of igneous origin* 

6. Mica Slate, This is a slaty mixture of mica and quarts ia 
which the former predominates. Garnet and staurotide are often 
so abundant in it, over extensive tracts, as properly to be regarded 
as constituents ; hence the varieties, gametiferoits and stawrctid- 
xferous mica slate. This is one of the most common a&d best 
characterized of the hypozoic rocks. 

8. Gneiss, The essential ingredients in this rock are quarts, 
felspar and mica. Hornblende is occasionally present. These 
Ingredients are arranged more or less in laminse, and the rock is 
stratified. Where it passes into granite, however, (which is com- 
posed of the same ingredients,) the stratification, as well as the 
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laminar arrangement, become ezeeedinglj obflcore ; and i( is im- 
possible to draw a definite line between the two rocks. Gneiss, as 
well as mica slate, is remarkable in somo places for tortoositieA 
and irregularities exhibited by the strata and laminso ; while in, 
other places these same rocks are eqaallj distinguished for the 
regularity and evenness of the stratification, by which they are 
rendered excellent materials for economical purposes. 

Varietiet. Gneiss eometimea contains crystals of felspar, which giye it a 
spotted appearance ; and this is called porphyriiie gneis%. When talc takes 
the place of mica» the rook is called protogtne. 

Jiem, Qneiss is a rook of great extent in the Uoited States ; especially ia 
New England 

Eurile or compiut fehpar. Dr. Macculloch describes a stratified rock as- 
sociated with gneiss in Scotland, composed chiefly of compact felspar. D0 
la Beche regards this as eurite, although most writers oonsider eurite as a 
member of the unstratified class. 

Prin, If all the stratified rocks have been deposited from 
water, as we hare seen, the layers must have been originally nearly 
horizontal. 

Froof, Deposits now taking place rarely haye an inclination greater than 
10^ over any considerable extent of surfiBce ; though in some favorable cir- 
cumstances, as when sand accumulates outward on a steep shore, the strata 
may be inclined as much as 40^. But a little care will enable any one to dis- 
tinguish such cases from the effects of subsequent elevation ; and it still re- 
mains true, as a general fact, that deposits now forming have only a slight ' 
inclination. 

Inf, Hence if we get the perpendicular thickness of a series of 
strata we ascertain the character of the crust of the globe to that 
deptL 

Expl, If we measure the breadth of a series of upturned strata^ on a line 
at right angles to their strike, and ascertain their dip, we have given the 
hypothenuse and angles of a right-angled triangle to nnd the perpendicular, 
which is the thickness of the strata. If the strata are perpendicular, a hori- 
contal line across their edges gives their thickness. 

FacU. By measurements and calculations of this sort, it has 
been ascertained that the total thickness of the fossiliferous strata 
in Europe, is not less than 6 or 7 miles. In Petinsylyania fossil- 
iferous rocks beneath the top of the coal measures, are 40,000 
feet, or more than 7.5 miles, in thickness. Prof. Rogers* Report 
on the Geology of Pennsylvania for 1838, p. 82* 

Descr. In the peninsula of Tauris, Pallas describes a continued 
series of azoic strata, inclined 45^, over a distance of 86 miles; 
which would give a perpendicular thickness of more than 68 miles. 
LyeWs Prin. Geol., vol. 2, 443. In New England, as for instance, 
on the railroad between Westfield and Pittsfield, we have strata of 
fiypozoic rocks, for the most part nearly perpendicular, not less 
than 20 miles in thickness. 
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Hem. I. It ought to be recollected, that the hypocoio strata hare be^ 
mbject^ to foi* more numerous distarbaQoes thaa the secondary and ier 
tiary ; and; therefore, all «udi measurements as the above, are liable to give 
vesults not a little erroneous; since the strata may be so shifted as to be 
measured twice; In the example last quoted there may exist, as shown on 
page 48, one or more folded axis. Such sections, however, as those men- 
tbned aboT^ indicate^ after all aUcurances are made, a great perpendicular 
thickness. 

Jiem. 2. I>r. Buekland estimates the total thickness of all the stratified 
ocks in Europe to be at least ten miles. ^Hdj^^ewater Treatise, vol. 1, p. 37^ 

Inf, We see £rom these statements how groundless is tlie 
opinion, that geologists are able to ascertain the structure of the 
earth only to the depth that excayatiaos have been made/ which is 
less than a mile ; especially, when we recollect, that the unstrati- 
fied rocks are uniformly found beneath the stratified ; and since 
their igneous origin is now generally admitted, it can hardly be 
doubted that they come from Tery great depths ; so that probably 
the essential composition of the globe is known almost to its 
centre. 
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SECTION IV. 

L1TH0L061CAL CHARACTERS AND RBLATIVB AGB OF TBK UN- 

sn^ATxrisD RocKa 

Prin. The differences among the unstratified rocks result from 
two causes. 1. A difference in chemical composition. 2. The 
diversity of circumstances under which they were produced. 

Descr, All the varieties of these rocks pass into one another by 
ins^iusible gradations, even in the same mountain mass ; giving 
Tise to endless varieties, which cannot be described minutely in a 
treatise like the present. 

Descr. The two predominant and diaracteristic minerals in the 
unstratified rocks, are felspar, and augite, or hornblende. 

Rem, The Augite and hornblende are only varieties of the same mineral 
species, which acquire their different erystalline forms and other charaeteristic 
differences, in consequence of a differenoe in the rate o/ cooling from a state of 
fusion ;— the former crystallizing rapidly, and the latter slowly. Rose fused 
hornblende, and found that on cooling it took the form of augite. LyelPs 
JSlementi of Geolog^y vol S, p. 192. PkilHpe' Treatise on Oeology, vol 2; 
64. 

Descr. The following arrangement of the unstratified rocks, 
founded upon the relative quantity of felspar and augite or horn- 
blende, which they contain, has been suggested by Prof. Phillips. 
Treatise an Geologyy vol 2, p. 57> and ia liable only to the objee- 
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tion, that we have not a knowledge of the eomposition of the older 
rocks sufficiently perfect, to make it certain that they are all pat 
into the right place in the classification. 

DiviHan 1. Fdspathic, 

Felspar alone, or but slightly mixed with angite, homblendei 
hypersthene, diallage, &c 

Ancimt, Modern. 

Granite and most Porphyries. Trachyte. 

Division 2. 

Felspar in nearly equal proportions with augite, hornblende, 
hypersthene, &a 

Ancient, Modem, 

Syenite and Greenstone. Oraystones of Scrope. 

Division 3. 

Aq^te, hornblende, hypersthene, or diallage, predominates oyer 
felspar (or oliyine). 

AndeTit. Modern, 

Basaltic series of most authors. Basaltic series of Scrope. 

Descr, On the same principle^ that is, mineralogical constitu- 
tion, Mr. Scrope has diyided the products of extinct and actiye 
Tolcanos into three kinds; 1, Trachyte, which is felspathic; 2, 
Graystone^ or a mixture of felspar and iron ; 3, Basalt, which is 
augitic. G-irardin {^Considerations General sur les Volcans^ p. 
13) divides these products into the troA^hytic forrnation {^Tn^)y 
the hasaJticfoTmaJtion^ and the lava formation, 

Def, The melted matter that is ejected from a yolcano, or re- 
mains within it, is called lava. Hence it is not improper to apply 
the term to any rock that is proved to have been in a melted 
state. But it is usual to confine it to the more modem unstrati- 
fied rocks, such as have been ejected from a crater. 

< JRem. The igneous origin of all the unstratified rooks is now so generally 
admitted, that we may tiSce it for granted ; and make it the basis of classifica- 
tion. The proof, however, will be presented in a snbseqnent section. 

Descr, Lava cooled rapidly, and not under pressure, forms 
glass, or scoria ; but cooled slowly, and under pressure, it becomes 
crysttdline. Now the older unstratified rocks, such as granite 
syenite,, porphyry, and greenstone, are more or less crystalline ; 
whereas basalt, trachyte, and other products of existing volcanos, 
are compact or cellular. Nor have we any but presumptive proof, 
that the former class are now produced by igneous action. Hence 

4* 
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ft n inferred, that they were cooled under a YBst preMore of the 
oeean and its aabjaerat beds ; and hence they are cbIIbSl pitUonie 
rocks ; whereas the latter are denominated vohamc racks. Phil- 
Upi Treatise on Geology^ vol. 2, 52. LydPs Elements of 
Geology^ vol. 1, p. 11. 

Prin, There is strong reason to believe that in some instances, 
as in 8axonv, and in Satherlandshire, and Arran in ^cot^and, 
granite has been protruded through the strata after it became 
solid. LytWs Etem. GeoL.^ vol. 2, p. 370. Solid basalt was pro- 
truded in a -similar manner, according to Yon Buoh, in the year 
1820, in the island of Banda, in great quantities. Description des 
Jsles Canaries, ^,, par L. de Van Buck, p. 412. Paris, 1836. 
Also Am. Bid. Rqtos, Jan, 1840, p. 34. 

Ob%, The most important of the unstratified roeks will tmvt be described 
in an order as nearly cfaronoloeical (b^inning with the oldest) as the present 
•tate of our knowledge will a£nit. 

1. Chranite, 

Descr. The essential ingredients of this rock are quartz felapar, 
and mica. Its prevailing colors are white and flesh-colored. In 
some cases the materials are very coarse, the crystalline fragments 
being a foot or more in diameter. In other cases, they are so fine 
as to be scarcely visible to the naked eye ; and between these ex- 
tremes, there exists an almost infinite variety. This fine-grained 
varieties are best for economical uses ; but the coarser varieties 
abound most in interesting simple minerals. 

Var%eUt9, Oraphic granite is eomposed of quartz and felspar, in which 
the fiormer has an arrangement which makes the surface of the rock exhibit 
the appearance of letters, as in Fig. 41. When granite contains distinct 
crystals of felspar, it is called porphyritic. When the ingredients are blend 
edinto a finely granular mass, with imbedded crystals of quarts and mica, 
it has been eidleid by the Froieh writers^ ewrit€. Pegmatite is a graauliir 
noixtore «f quarts and felspar. 

2. Syenite, 

D^, Syenite is composed essentially of felspar, quartz, and 
hornblende, the first predominating. When mica is also present, 
the compound is frequently denominated syemtic granite. Traite 
Elementaire de Creologie, par M. Rozet^ tome 1, p. 482. 

Obs. 1. A great deal of confusion and (tiversity of opinion has existed in 
respect to the nature and position of syenite. Maccullooh makes it to con- 
sist of felspar (compact or common) hornblende and quartz ; and be limits it 
to the overlying or trap family, and considers the analogous compounds as- 
sociated with granite, as mere^ varieties of the latter. In N. England, sneh 
a disUnetion would be very dimoalt, since the same ocmtiiHiQiis formation of 



a eoDnee(ed, on the one hand, with grao!t«, and on th* 
other with porphyry and greenstone. Maanilloeh'M ClaiiiSealian of Rotk*. 
» 512. ■* 



Obi. i. When it waa ascertaiDed that the famons rook (rota SyOM ia 
Upper Egypt (so much employed io aodeat moDumeDti), from whi«h tho 
DMneof Byenit* wa« deriveil, was nothiag but granite with black mica, aod 
alio that Mount Sinni in Arabia waa compoaad of geauioa syenite, a Fronoh 
getdogirt proposed to substitute Siitaile for svemte : — but the iuggettion, 
which wM certainly a g;ood one. bae nat been tutopted. 

Obi. 3. Most of the syenite so &mouB in N. En^hmd for ardiitaelanl pur- 
poaea, as that from Qomcy and Oue Aim,u oDmpoaedof fabpftTi ([nKteawl 
hombla-Mle, the Utier frequntly disappearing. 
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3. Porphyry, 

Drf, Bocks with a homogeneous, compact^ or earthy base, 
tbroi]^^ which are disseminated crystalline masses of some other 
mineral of contemporaneous origin with the base, are denominated 
porphyry. True classical porphyry, such as was most commonly 
employed by the ancients, has a base, of compact fel^ar, with im- 
bedded crystals of felspar. When the base is greenstone, pitch- 
stone, trachyte, or basalt, the porphyry is said to be greenstone 
porphyry, pitchstone porphyry, trachytic porphyry, and basaltic 
porphyry. The base is sometimes clinkstone, or claystone, and 
^e imbedded crystals n^ay be felspar, augite olivine, &c. 

Inf, Hence the term porphyry designates only a certain form 
of rock, but does not refer to any particular kind of roick. When 
porphyry is spoken of in general terms, however, felspar porphyry 
IS usually meant. 

Obs, The name porphyry signifies purple^ no(fq>vQa, such having 
been the most usual color of the ancient porphyries ; but this rock 
exhibits almost ev^y variety of color. It is the hardest of all the 
rocks ; and when polished, is probably the most enduring. 

Deter, Claystone is an earthy compact stone of a purplish color, appearing 
like indurated day. Compact fel^far^ sometimes called petronUex^ is a hard 
oompact sUme of vai'ious colors ; fusible before the common blow pipe, and 
often translacent on the edges, like hornstone. Its predominant ingre<tient 
appears to be felspar, (clinkstone or phonolite ;) or fissile petrosilex, a green- 
isn or grayish rock, dividing into slabs or columns, ringing under the ham- 
mer, and apparently a vari^y of compact felspar. Hornstone is a compact 
mineral, often translucent like a horn : of various colors ; in hardness and 
fracture approaching flint : infusible before the blow pipe ; and hence com- 
posed chiefhr of silica. Gomean is between hornstone .and compact felspar, 
oompact and homogeneous ; supposed to consist of felspar quartz and horn- 
blende. All these substances form the basis of porphyry ; and hence we have 
dinkstone porphyry, hornstone porphyry, claystone porphyry, <fec When 
black augite forms the base of porphyry, it is called melaphyre, 

4. Greemtone, 

JDescr, Several unstratified rocks, whose principal ingredients 
are felspar and hornblende or augite, are called trap Rocks. 
from the Swedish word trappa^ a stair ; because they are often 
arranged in the form of stairs or steps. Although the term trap 
is loosely applied, most writers limit it to the* varieties of rock 
called greenstone, syenitic greenstone, basalt, compact felspar, 
clinkstone, pitchstone, waeko, amygdaloid, augite rock, hypersthene 
rock, trap-porphyry, pitchstone porphyry, and tufa. MaccJloch 
indudes claystone and syenite. System of Geoiogy^ vol. 2 p. SO. 

Descr, Greenstone is ordinarily composed of hornblende and 
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felspar, both compact and common, the former in the greatest 
quantity. 

Descr, The term dolerite has been used hy the geologiats of oontinontal 
Europe, as equivalent to greenstone. But according to Rose, dolerite con- 
sists of black augite and Labrador felspar ; to whioi Leorthard adds iron. 
JHorite is another name for a variety of greenstone, whiqh Rose says is com- 
posed of albite and hornblende in grains. But albite and hornblende are 
sometimes called andesite. Dr. Macculloch calls those varieties of greenstone 
which liave a g^een color, augite rock ; because augite is the predominant in- 
gredient ; but the augite rock of Leonhard is almost wholly augite. When 
bypersthene takes the place of hornblende, he calls the compound hyperHthene 
rock. System of Geology ^ vol. 2, p. 108, 110. When greenstone is composed 
almost entirely of hornt>lende, the rock is denominated hornblende rock. 
When the grains o^ felspar and hornblende are quite coarse, it is called 
Myenitie gre&nttoney which often takes quartz into its oom]x>0itioii, and passes 
ato granite. All the above rooks are frequently porphyritie \ and hence w« 
have augiti<*, or pyroxenic porphyry, dioritic porphyry, <&c. 

5. Tradtyte, 

Descr, Trachyte is of a whitish or grayish color, usually por- 
phyritic by felspar crystals, and essentially composed of glassy 
felspar, with some hornblende, mica, titaniferous iron, and some- 
times augite. Beudant^s Traite de Mineralogies tome 1, p. 566. 
LydVs Elements of Geology ^ vol. 2, p. 199. Its name is derived 
from the Greek, t^otj^v^, ro2^g^, from its harshness to the touch. 
It was an abundant product of volcanic action, duving the tertiary 
period, and usually appears to be older than basalt, although 
trachitic lavas have continued to be ejected down to the present 
day. Trachyte occurs in Auvergne and Hungary, and in vast 
q[uantities in South America. It constitutes the loftiest summits 
of the Cordilleras. Humboldt'^s Geognostical Essay on the Su- 
perposition of RockSy p. 423. 

Deter, Trachyte in an earthy condition, as it occurs in the Pays de Dome, 
in Auvergne, is called domite. Trachyte is usually por phyritic, and hence 
we have trachytic porphyry. 

6. Basalt. 

Descr. This rock appears to be composed of augite, felspar and 
titaniferous iron ; and sometimes olivine in distinct grains. Its 
color is black, bluish, 'or grayish ; and its texture compact and 
uniform ; — ^more so than greenstone. Augite is the predominant 
ingredient. Probably in some cases, hornblende takes the place 
of augite ; but from the nature of these two minerals, this can be 
regarded as of.little importance. Basalt passes insensibly into all 
other varieties of trap rocks. De la Beckers Manual of Gtrdogyy 
p. 453. Lydl^s Elements^ vol. 2, p. 1 97. 
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Rem. It i» often asked whetber basalt oocnra in the United States. Thm 
lithological eharacters of some of our trap rocks oan hardly be distin^ished 
from those of basalt ; and probably those west of the Rocky Mountains are 
as reoent as the basalt of Eorope. 



7. Amygdaloid, 

Demar, This term, like porphyrV) is not confined to any one sort 
of rook ; bat indicates a certain form, which extends through all 
the trap family. Amygdaloid abounds in rounded cavities, like 
the scoriae ana pumice of modem lavas, and these are often filled 
with calcareous spar, quartz, chalcedony, zeolites, and other 
minerals, which have taken the shape of the cavity ; so that the 
rock appears as if filled with almonds, and hence the name from 
the Latin, amygdala^ an almond. These cavities, however, have 
sometimes been lengthened by the flowing of the matter while 
melted, so that cylinders are found several inches long. When 
they are not filled, the rock is said to be vesicular. 

Lkucr, A soft variety of trap rock resembling indurated day, Is 
called wcudce^ which may or may not be vesicular. From its 
resemblance to the toad probably, it is called in Derbyshire, toad- 
stone. 

Rem. Ihe metamorphic rock in the yioinity of Boston, as at Brighton and 
Hii^ham, is eonvertea into decided amygdaloid, without losing wholly its 
laminated strnctore. The same is the case with the red sandstone lying 
beneath the greenstone near Gonneoticat river. In the latter case, however, 
the cavities are rarely filled. 



Prismatic^ or Colmnnar Structure. 

Descr, One of the most remarkable characteristics of the trap 
rocks, is their columnar structure. This consists in the occasional 
division of their substance into regular prisms, with sides varying 
in number from three to eight, usuaUy five or six, whose length is 
sometimes not less than 200 feet. They are sometimes jointed ; 
that is, divided crosswise into blocks from one to several feet in 
length ; whose extremities are more or less convex or concave, the 
one fitting into the other. Usually these columns stand nearly 
perpendicular, and when worn away on the side, they present 
naked walls which appear like the work of art. They stand so 
closely compacted together, that though perfectly separable, there 
is no perceptible space between them. The thickness of the 
columns varies from one to five feet. 

Rem, 1. The concave extremity is usually uppermost. But at Titan's 
Pier, at the foot of Mount HoIyoke,'in Hadley, some of the eolumns are oob- 
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NBttlw 



Rein. i. Tlie columnRr nnd trappose farrot at bsaalt and grMtubme hara 
prodQced *i>me of the mo«t remBrrtble teenery on the fflobe. nngal'i Okt* 
m the island of StalTa, (one of the Weptera leUnds of Scotland,) and the 
Giant's Cauaevay in the north of Ireland, are almoat too veil koown to need 
description. StaOi a compowd entirely of basalt with a thin soil, and itc 
•hiH'ea are for tbe moet part a steep cliff, 10 feet high, formed of oolnmna. 
The eav« is a chasm (in these columns). 42 feet wide, and 2S7 leet lof%, 
liHined hj the action of the wares. The falloning sketdi, Fig. 43, will aoo- 
rey sn idea of the situatiw of the care and of the general Btraoture of the 



ItngaTt Cave: Staff a. 

Fig 14, gires some idea of the appearance of an overbongiag gronp of 
sreenstvne ooli^mus at a place on Mount Bolyolce in Massachusetts, which I 
Sne dcoomiDated JVan'* J'iaaa. The lower end of the colunuis, several 
rowa of which project over the obeerrer's head, are exfoliated in sooliAinaii- 
. Bar as to presei;t a oanvex siirftmi downTards, 



titan's piazza. 

Fig. M. 



TUan't Piaaa : Mi. Holyake. 

Doer. The Qiant'a Gaueevav cooaisU of aa irregulnr gronp of peatagonal 
Columiu. from uoe to fire feet tbick, and from 20 to 200 feet bigb, joiated ■■ 
lumL Where the sea baa had access lo them, thctr upper portitHia ara 
wora aWB7, while the lower part remaina eiteadiug an unknown di>tano« 
beDeath the waves, and seeming the rain of some ancient work of art, too 
mightj for man, fmd therefore referred to the giB4it8. Here also is a cava 
of cnnudersble extent Oealogieo^ TramaetiiyM, toL 4, Next StrUi. 

Hg. IS, sbowB a masa of trap columns ou the north shore of Lake Su- 
perior. Ovten't Report o/lS62, p. 418. 

Rem. S, When a trap rein, or dfke, is columnar, the columns often lia 
horiEUOtal, or rather perpendicular to the sides of the vein; and thna ia 
produced a wall of stones, regularlj' fitted to one another and laid up, ap- 
pareiitlj 1^ man ; while often a deoompoeition of the sur faces of the hWki, 



BASALTIC COLDMNS, TRAP DYKK. 
Fig. 4G. 



BasaUie (kiiimtu, Zaht Superwr; Jf. Short. 

produceB a povder resembliDg diunt^rated mortar. A wall of tbia aorl 
ivaa formerly discovered in Rowsd Couatj, North Carolina, which projected 
above the rock whidi it traversHd, in coasequenee of tho decay of the rock. 
and it van tor a long time eonfidcDtiy believed to be a work of human akill, 
proving the former eriateoca there of a powerful nod oiviiiMd people. 
I>yke8 of this deecrlptioa are very comnioa la the State of Maiue. Fig. 46, 
ehowB n columo or dyke of thia deacription on Lake Superior, (hcen'i Rt 
port of ISaS, p. 403. 

Fig. 46. 



2Vap J}yJa : Laks Superior. 

Jtan. 1. Greenetone oolumns standing upright, or leaning onlj a few de- 
grees, are quite eommon in North Amerioa ; and torro some of our moat m- 
t«r«ating aoRoerj. The mo»t *al«i>ive forroation of this sort appears to be 
in the country west of the Rocky Mountains, where the Columbia river 
pasms through moontaina of trap, (not improbably of basalt), from 400 to 
1.000 feet high ; and where several sucoessive rowa of eolumna are super-im- 
posed one npon another, separated by a, few feet of amygdalmd, ouiglomw 
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lie, or breo^ P^rkev^B Jinnmal of an Sxptcring Tour beyond the Xoek^ 
MoufUatMf p. 208. Jthaea, 1838. 

Th« Palisadoes on the banks of Hudson river, are another example of 
greenstone columns. They exist also on Peoobsoot river ; and very perfect 
examples occur on Mount Uolyoke and Tom, on Connecticut river, an example 
of which has been given in fig. 44. 

Prin. The columnar structure of the trap rocks, has resulted 
from a sort of erystallization while they were cooling under pres- 
sure from a melted state. 

Proof 1. Precisely similar columns are found in recent lavas. 
Wonders of Geology, vol. 1, p. 248, 250, and vol. 2, p. 640. 2. 
Mr. Gregory Watt melted 700 pounds of basalt and caused it to 
cool slowly; when globular masses were formed, which enlarged 
and pressed against one another until regular columns were the re- 
sult. Bakewell^s Geology, p. 146. 

8. Serpentine, 

Descr. Serpentine is a mottled rode, the predominant color 
green, containing about 40 per cent, of magnesia. It sometimes 
retains traces of original stratification or lamination ; so that Dr. 
MaocuUoch regards it as metamorphic, and places it both in the 
stratified and unstratified class of rocks. It is elegant as an orna- 
mental rock, though not much used in this country, where it exists 
in immense quantities. 

Deter, Diallage roek, which is the euphotide of the French, the gokhre of 
the Italians, and some opJUolUee of Brongniart, is essentially composed of fel- 
spar and diaUage ; but it sometimes contains serpentine, mica, and quarts. 
Diallage and serpentine are very nearly allied Ophite is a green porpbyritic 
rock wi^h a base of hornblende and felspar, (the former greatly preaominat- 
ing,) and containing crystals of hornblende. It passes into serpentine by a 
mixture with talc. Ophicalce (French), is composed of limestone and serpen- 
tine, with talc and chlorite. Under this rock is arranged the beautiful verd 
arUiqtte tnarble, such as occurs in Newbury and Middleneld in Massachusetts^ 
and at New Haven and Milford in Connecticut. JSrongniarfs Tableau des 
Terraine, die, p. 326. OipoUn is a saccharine limestone whidi contains mica^ 
or talc, as a constituent. This forms several Interesting varieties of marble. 
Roxefe IVaite MUmentaire de Oeologie, p. 181, tome 1. 

9. Lava, 

Descr. Lava, as remarked in another place, embraces all the 
melted matter, ejected from yolcanos ; and the two minerals fel- 
spar and augite, constitute almost the entire mass of these pro- 
ducts. When the former predominates, light-colored lavas are 
the result, when the latter, the dark varieties. The former are 
called felspathic or trachytic, and the latter, augitic or basaltic 
lavas. 

Rem. other simple minerals occur in lava. Thus in the products of Yesu- 
vius alone, not less than 100 species have been detected ; but they form so 



PEO0UCTS OF V0I«CAN08, M 

ineenatderable a part of the \7^hole masa^ as not to desenre oooiidaration in a 
geoeral view like the present 

Descr, TrcuJiytic lava corresponds in most of its characters to 
tbe trachyte of the older igDeous rocks. When cooled under pres- 
sure, solid rock results ; but when cooled in the air, it is porous, 
fibrous, and light enough to swim <on water, as is the case with 
pumice, large masses of which are found sometimes in the midst 
of the ocean. Sometimes it is pprphyritic, like the older tra- 
chytes. 

Descr, In like manner the 'basaltic or augitic lavas exceedingly 
resemble the more ancient basalt ; and are in fact the same thing, 
produced under circumstances a little diff<^ent. When cooled 
under pressure, compact basalt is the result ; but cooled in the 
open air, they are scoriaceous or vesicular, and are usually called 
scorias. 

Descr, GraystoTie lava is a lead gray or greenish rock, interme- 
diate in composition between basaltic and trachytic lavas ; but the 
felspar predominates, being more than 75 per cent. When albite 
takes the place of common felspar, the lava is denominated 
andesitic, 

De§cr, VUreaus lava has a fracture like glass. Obsidian seeQis to be 
merely melted glass. Pitehstone is less glassy, with an aspect more like 
pitch. It is usually composed of felspar and augite, and often passes into 
basalt Its composition however varies. ^ 

Descr, The small angular fragments and dust of pumice, (whioh 
is vesicular trachytic lava,) and of scoriee, (which is vesicular ba^ 
Baltic lava,) whicn are produced by an eruption, falling into the 
sea, or on dry land, and mixing wim sand, gravel, shells, &c. and 
hardened by the infiltration of carbonate of lime or other cement, 
constitute the substance denominated tuff. When this rock occurs 
with trap, it is called trap tuff; and when with modem lava, 
volcanic tuff. If it contain large and angular fragments, it is 
called volcanic breccia. When the fragments are much rolled, the 
rock is a tufaceous conglomerate. The basaltic tuffs are denomi- 
nated by the Italian geologists, peperino. A kind of mud is 
poured out of some volcanic craters, which forms what is called 
trass. 

Descr. Sometimes, especially at the great volcano of Kilauea^ on the 
Sandwich Islands, when lava is thrown into the air, the wind spins it out into 
threads, resembling flax, and drives it against the sides of the crater. This 
is called volcanic glass; and by the natives of Sandwich Islands, Pd^s hair; 
Fcle haying formerly been regarded as the presiding divinitj^ of the volcano 
of Kilauea. 

Descr, Other substances ejected from volcanos are fragments 
of granite and other rocks, scarcely altered ; cinders and ashes of 
various degrees of fineness, which are often converted into mud by 
the water tha^ aoeompanie^ them; fdso sulphur in a pure state* 
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Tarions salts and acids ; and several gases ; among wbioh are ^e 
hydrochloric, sulphurous, and sulphuric acids ; alum, gypsum, sul- 
phate of iroa and magnesia, chloride of sodium and potassium, of 
iron, copper, and cobalt; chlorine, nitrogen, sulphuretted hydro 
gen, &c. &c. 

Descr, The unstratified ro(^s, as a general fact, are more fusi- 
ble than the stratified ; and of the unstratified, the fusibility in- 
creases in passing from granite along the scale to modern lava. 
This is owing to the feict that the quantity of lime, and sometimes 
of alkali, is greater in the more recent rocks ; for these substances 
act as a flux. 

Magnetism of Rocks, 

Descr. Baron Humboldt I believe first pointed out the magnet- 
ism of a hill of serpentine, which he supposed to have only two 
poles, or to constitute one magnet. In 1815 Dr. John MacCuUoch 
described a similar character in other rocks, as granite, porphyry, 
syenite, several kinds of slate and especially of trap. He advanced 
a step farther than Humboldt, and endeavored to show that several 
magnets existed in the same mass of rocks ; but he does not seem 
to have discovered their poles, although he gives a plate of the 
position of the magnetic needle over a surface of some 3,600 feet 
in diameter, in the third volume of the Transactions of the Lon- 
don G-eological Society. 

Descr. Accident led me a few years since to discover some ad- 
ditional facts on this subject, which I have never published, because 
I have not found time to pursue my investigations as far as I could 
wish. But the following facts may be considered as settled, of 
which I have obtained many examples, from the trap rocks of 
Mount Holyoke and Tom in Massachusetts. In the first place, 
on the same continuous surface, of only a few square feet, we fre- 
quently find several distinct magnetic poles, either north or south, 
and sometimes both, within a few feet or inches of each other. I 
discovered this fact by placing a pocket compass upon the rock 
and moving it over the surface. Wherever a pole existed, the 
opposite pole of the needle would point to it, as the compass was 
moved around it. Fig. 47 represents a surface whose size may 
be learnt from the squares into which it is divided, each square 
being one foot. 

Descr. Another still more remarkable fact is shown upon this 
figure. Dotted lines are seen connecting some of these poles. 
Along those lines the needle continues reversed, just as it does at 
their extremities, or when it approaches an isolated pole; the 
north end of the needle pointing to the pole if it be a south one, 
and the south end doing the same if it be a north one. In other 
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words, aloDg these clotted lines there appears to be an infinite 
number of poles. Henoe I eall them Lines (jf Poiarity, They 
are easily traced oat by moving the compass over thQ surface. 

Descr, When in Euiope I found no place where I discovered 
the rocks to be mamietic, save the trap rock of Arthur's Seat near 
Edinburgh. At the very pinnacle my compass showed several 
south poles, but the attraction was not strong enough entirely to 
reverse the needle. 

Fig. 47. 




Magnetic Poles on Trap : ML Holyoke, 

Descr. Among the hand specimens in my cabinet, I find tlia 
following to be possessed of polarity : 
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Yesioolar LsTft, Homit Etna. 

Sialactioal Lava, Yesuviiis. 

Greenstone, Paoa^wah river, Upp^ Canada. 

Obeidian, near Mount Ararat, Armenia. 

Ihscr. Professor Parrot observed similar phenomena ozi the 
lava of Mount Ararat, 7,280 feet above the ocean; that is ho 
noticed that the needle changed its direction very much by luoving 
it only a few inches, though he does not point out distinct poles, 
nor lines of polarity. Journey to Ararat^ 1826, p. 264 to 268. 

Theoretical Considerations, 1. It is obvious that the magnet- 
ism of rocks is not usuallv the effect of their containing iron. 
2. It is obvious that several magnets must Ik side by side in the 
same continuous and often undivided mass of rock. 3. But how 
these magnets have been formed, especially with opposite poles on 
the same surface, and how lines of polarity have been produced, I 
am at present quite unable to explain. 



Relative Age of the Bjocks. 

Prin, In the stratified rocks the relative age of the differ^t 
groups is determined by their superposition ; the lowest being the 
oldest ; but in the unstratified rocks, there is reason to believe a 
reverse order exists ; that is, the oldest member of the series lies 
immediately beneath the stratified rocks ; the next oldest beneath 
this ; and so on, till we reach the lava of existing volcanos; which 
probably comes firom a greater depth in the earth than any other 
unstratified rock. 

llluB, Fig. 48, will more clearly illustrate this propositioa 

Prin. The ages of the unstratified compared with those of the 
stratified rocks, are determined by ascertaining how far the former 
have intruded upwards among the latter. 

Blva. lit ^or instaDce, we never find the veioB of a particular igneous rook 
shootiug upward higher than the primary fossiliferous rocks, we may infer 
that it is older than the secondary strata, but newer than the primary^ 
because the latter must have existed prior to the intrusion of the unstratified 
rock. And so, if an igneous rock is intruded only into the primary and 
secondary strata, we may infer that it is older than the tertiary strata, and 
newer than the secondary ; and so on with the groaps still higlier. Hence 
the igneous rocks, a, a, Fig. 48, formed during the deposition of the primary 
stratoy whose veins extend no higher than those strata^ may be called, (to 
adopt the phraseology of Mr. Lyell,) \h^ prifnary plutonic : those during the 
deposition of the secondary strata, b, b, whose yeins do not enter the tertiary 
senesi the secondary plvionic : those during the deposition of the tertiary 
strata, c, c, the tertiary pluttmic; and lava from Active volcnnos, {\ d, the 
reeetU plutonic. 
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Fig. 48. 



Seethn of the Rdativt Agt of Iht Unttratifed EocJa. 

Deter. In rettlitv, however, we do not find Taricties of unslrati- 
fied rookfl whose yeins are thus diBtinotlj confined to each of the 
great classes of rocka, thoagh there is evidence that volcanic 
agency was active dnring all the periods of their deposition. Bat 
the same igneous rock appeal^ to have been ejected at different 
epochs. Granite, however, seems to have greatly predominated 
dormg the first or aioio period; and is fonnd only ocoasionally 
dnring the secondary period ; thoagh in a few instances (at Wein- 
bohia) flyeaitlc granite has been protrnded through the ebalh, but 
never among the tertiary strata. Porphyry appears to have been 
mostly confined to the period of the latest azoic, and the older 
foBsiliferoas (transition) rocks. Trap rook predominated m the 
secondary and tertiary periods, while volcanic rocks, in the comroon 
acceptation of the term, began to be protruded during the tertiary 
period, and continne to the present time. 
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Bern. It 18 obviouR, that with the exception of Uira, the above rule for d»* 
terminiDg the relative age of the straiined and unstratified rocks, doee not 
show us when the latter began to be erupted, but only when their eruptions 
ceased. 

Inf, From the phenomena that have been detailed respecting 
the unstratified rocks, it has been inferred that the condition of 
the earth, both internal and external, must have been different at 
different epochs ; so as at one period to be peculiarly favorable for 
the production of granite and syenite, at another of porphyry, at 
another of trachyte, at another of basalt, and finally at another of 
the lava of extinct and active volcanoes ; and hence, that the older 
igneous rocks, (ex. gr. granite, syenite, &c.) are no longer pro- 
duced, except perhaps in the deep recesses oi the earth. 

Proof. 1. The greater abundance of granite and svenite associated with the 
aioic than witii the newer strata, and of trap and volcanic rocks with the 
higher formations. 2. The almost entire identity between the chemical con- 
8tituti(xi of granite and the hyposoic stratiiied deposits, indicates some gene- 
ral and common cause for the origin of both ; while the difference of ultimate 
constitution between granite and the newer stratified rocks, particularly in 
the greater quuntitv of lime in the latter, indicates a difference of origin. 
8. The gradual and msensible passage, on an extensive scale, of granite into 
gneiss, hornblende slate and mica slate, indicates some general cause for their 
production, and that the diversity existing between them has resulted from 
alighUy-modifying circumstances; while no such transition of any conse- 
quence between granite and the newer stratified rocks has ever been dis- 
covered. 4. Granite and the trap rocks differ so much in chemical constitu- 
tion, as to show that they must have originated from different masses of 
matter. Thus granite contains about 20 per cent, more of silica than green- 
stone ; about 3 per cent less of alumina ; 8 per cent less of magnesia ; 7 per 
cent, less of lime ; and two per cent less of oxide of iron. 5. The correspon- 
dence between the chemical composition of the fossiliferous stratified and the 
Crappean and volcanic rocks ; that is, we find in both classes a diminution of 
silica and an increase of alumina, magnesia, and lime. 6. In consequence of 
containing much more of silicate of lime, tbe trap rocks are more fusible than 
the granitic : so if we admit that the internal temperature of the earth has 
diminished, we raifht expect that the former would remain in a melted state 
after the latter had all been consolidated. 3e la JSeche's Theoret^eai (jle9logif^ 
p. 806. 

Opposite Hypothesis, Mr. Lyell maintains that unstratified rocks of every 
description may now be forming at various depths in the earth, even in the 
same relative quantity as at any former period; and that the dififerent de> 
grees of pressure and other drcunistances under which the melted matter is 
cooled, are sufficient to expUin the differences of composition and lithologioal 
characters which they exhibit It is not pretended, however, that there is 
any positive evidence in favor of this supposition ; that is, none of these re- 
cent Plutonic rocks have ever been seen. LyelTs Elements Geology^ voL 2 
p. 847. 

Prin, The age of the metamorphic rocks is twofold ; first the 
age of their deposition ; secondly the age of their crystallization. 
To determine the first, we may sometimes follow the metamorphic 
action outward from the disturbing cause, say some eruptive rock^ 
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till we resell that which is unaltered ; as may be done, for instaaoe, 
in the Alps, and in many places in our country. Or if the meta- 
morphic rock underlies or overlies a known formation, we may be 
sure of its being older or younger than the latter. In this way we 
decide that in general, gneiss, mica slate, talcose slate, and hypo- 
zoic limestone, are older than the Silurian rocks, because they 
have an inferior position. In the Alps, howerer, sueh rooks are 
known to be to some extent of the age of lias and oolite, and the 
period of their metamorphism is sometimes as recent as the eocene 
tertiary. This can be determined whenever we can ascertain the 
period of the eruptive agency that produced the metamorphism. 
Whether all the hypozoic rocks are metamorpMc is a debateable 
point ; though it must be confessed that new proofs of extensive 
metamorphism are daily accumulating. LyeWs Manual of JEb' 
mentary Geology^ p. 481, 4th Edition. 

Gfeological Maps aiul Sections, 

Descr. Common or physical maps form the basis of geoloj^cal 
ones ; and when the former are inaccurate, the latter must be so 
too. The chief difference between them is, that on a geological 
map the different rocks found in the region delineated are shown 
either by dots, crosses, circles, &c. or more usually by colors. The 
only exception is, that when the nature of the subjacent rook can 
be determined, drift is usually omitted. 

Descr, Some geological maps designate only the classes of 
rooks ; but these are very imperfect, and the best maps show the 
extent of each rock. 

De9cr. The dip of the strata, (which of ooarse determines the strike,) is 
Bomeiiines shown upon a geological map. This is usually done by an arrow, 
whidi points in the direction of the inchnation. If the strata ar^ perpendicu- 
lar, it may be represented by the lines crossing at right angles, one of which 
is shorter than the other. If the two lines are equa^ so as to form a cross, 
they indicate horizontal sti'ata. An anticlinal axis is shown by a straight 
line crossed by an arrow with two heads. Where the strata undulate a good 
deal, the body of the arrow may be crooked. De la Beckys MamuU of 
Geology, p. 602. 

Deacr. The following are some of the best geological mi^ that hare beep 
published : 1. Oreenough's Map of England and Wales. 2. Koipe's Geologi- 
cal and Railway Map of England in 1851. 8. Beaumont and Dufeno/s map 
of France. 4. Hoflfman's North- Western Ctermany. 6. Oeynhausen's, La 
Roche's and Yon Decker's Rhine. 6. Murchison's Map of Russia in Europe. 
*t. Silurian System of Wales, by the same. 8. Geological Map of parts oi 
Engbmd, Wales, ScotUmd, and Ireland, brought out by the Ordnance Sur- 
vey. These are the most perfect and minute examples of geological maps 
e^er published. 9. Map of a large part of Europe, brought out by Simon 
Schropp and Co., at Berlin, 1889. A map of great beauty. 10. A Geologi- 
cal map of the whole Globe, founded upon observations, so far as they have 
gone, and upon analogical reasoning as to countriea unexplored. It doobdesa 
ejdiibits a tolerably correct outline of the geology of nine tenths of the gk>b#. 

6 
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It hiB been reprodneed in Jdmston's Fhyrical Atlas, and in toy (lotline of the 
Oeologj of the Globe. 

Deter. The first GtooXogical M»p of the United States, or rather of the At 
lantic States, was ezecated by William Madnre with immense labor. 
Hie Geological Surreys in sereral of the States hare brought out maps of 
Massachusetts, Rhode Island, New Hampshire, New York, New Jersey and 
Tennessee. IVom these Prof Hall constructed a map of the country as ikr 
south as North Oarolba, and as far west as Mississippi rirer, and published it 
in his Report on the New York Surrey. Subsequently Sir Charles Lyell 
published in his travels, a map embracing nearly all of the country east of 
the Rockjr Mountains. More recently Mr. Maroon has nven a geological Map 
of the United States, and I have done the same in my Outline of the Geology 
of the Globe. 

Descr. A geological seotion represents a yertical eat in the 

earth's crust, so as to exhibit to the eye the rocks in their natural 

and relative situation. The most valuable sections of this sort are 

those copied from cliffs, on the sea-coast, or the banks of rivers. 

But usually it is necessary to construct them from what we can 

learn of the rocks and their dip at the surface ; presuming that 

they continue the same to the depth of the seotion. Such sections, 

therefore, are somewhat ideal; but if carefully constructed, we 

j^ay be sure that we are not far from the truth. 

Deaer, It is usually necessary to employ two scales in constructing sec- 
tions : one for heights^ and the other for horizontal distances ; otherwise the 
sections must be of great extent, or the heights would be scarcely perceptible. 
On the other band, two scales produce distortion ; so that great caution is 
necessary, ndt only in the ecnutruction of sections but in drawing infereno«ts 
from them* 
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SECTION V. 

PALiEONTOLOOT, OR THE SCIENCE OF ORGANIC REMAINS. 

JDef, In all the stratified rocks above the hypozoic, more or less 
of the relics or traces of animals and plants occur, sometimes 
called petrifjEU^tions, but more commonly, organic remains, 

Def. That branch of geology which gives the history of these 
remams, was formerly denominated oryOoiogy ; but is now called 
palcBontohgy. 

Rem, Falaontology is now usually limited by authors to fossil animals. 
But I prefer a meaning extended enough to embrace all or|;anic remains, 
whether animal or vegetaUe ; which is certainly consistent with the etymo- 
logy of the term (noMuo^, ovtci, Xoyoc.) Roberts* Diet, of Terms in Geotoay f 
Antted^s Geology^ veL 1, p. 54. Geology ofRussiOy by Murchison^ dse, yqL 2. 

1. General Characters of Organic Remains, 

Descr, In a few instances, animals have been preserved entirt 
in the more recent rocks. 
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JErom. About the beginniog^ of the present century^ the entire caraus of 
an elephant was found encased in frozen mud and sand in Siberia. It was 
covered witb hair and fur, as sotiie elephants now are in the Himalayah 
mountains. ITie drift along the shores of the Northern Ocean, abounds with 
bones of the same kind of animals ; but the flesh is rarely preserved. Cu- 
vief'H Estay on the Theory of the Earth, p. 263, New York, 1818. De la 
jBech^8 Manual of Geology, p. 200. In 1771, the entire carcass of a rhino 
ceros was dug out of the frozen gravel of the same country. BakeweW^ 
Geology, p. 831. 

Descr. Frequently the harder parts of the animal are preserved 
in the soil or solid rook, scarcely altered. 

Rem, Many well-authenticated instances are on record, in which toads^ 
snakes, and lizards, have been found alive in the solid parts of living trees, 
and in solid rocks, as well ns in gravel, deep beneath the surface. But la 
these instances the animals undoubtedly crept into such places while young, 
and after being grown could not get out. Being very tenacious of life, and 
probably obtaining some nourishment occasionally by seizins upon insects 
that might crawl into their nidus, they might sometimes contmue alive even 
many years. But such examples cannot come under the denomination of 
organic remains. See an interesting paper on this subject by Dr. Buckland, 
in the American Journal of Science, voL 23, p. 272. 

Descr, Sometimes the harder parts of the animal are partially 
impregnated with mineral mattery yet the animal matter is stiU 
obvious to inspection. 

Descr. More frequently) especially in the older secondary rocks, 
the animal or vegetable matter appears to be almost entirely re- 
placed by mineral matter, so as to lorm a genuine petrifcu^itm. 

Hem, Probably in every case, however, a chemical process would show 
the presence of considerable organic matter. Parkinton^s Organic Eemain* 
of a Former World, vol 2, p. 284. 

Descr. Sometimes after the rock had become hardened, the ani- 
mal or plant decayed and escaped through the pores of the atone, 
so as to leave nothing but a perfect nunUd, 

Descr, After Uiis mould had been formed, foreign matter has 
sometimes been infiltrated through the pores of the rock, so as to 
form a cast of the animal or plant when the rock is broken open. 
Or the cast might have been formed before the decay of the ani- 
mal or plant. 

Descr, Frequently the animal or plant, especially the latter, is 
so flattened down that a mere film of mineral matter alone remains 
to mark out its form. 

Descr, All that remains of an animal sometimes is its track im- 
pressed upon the rock. 

Descr. The mineralizer is most frequently carbonate of lime ; 
frequently silica, or clay, or oxide or sulphuret of iron, and some^ 
times the ores of copper, lead, &o. 
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2. Nature and Process of Petrifactimu 

Def, Petrifaction consists in the substitution, more or less com* 
plete, by chemical means, of mineral for animal or vegetable 
matter. De la BeMs Jfieoretical Gec^gy^ Chapter 13. 

JDescr, The process of petri&ction goes on at the present day to 
some extent, whenever an animal or vegetable substance is buried 
for a long time in a deposit containing a soluble mineral substance 
that may become a mineralizer. 

Exam. 1. Clay cootaining sulphate of iron, will, in a few years, or even 
monthe, pnxlace a very perceptible change towardB petrifaction in a bone 
buried in it Bakewelta Geology, p. 19. Some springs ako hold iron in 
solution ; and vegetable matters are in the process of time thcnroughly 
changed into oxide of iron. This is seen often where bog iron ore is yearly 
depositing. 

Exam, 2. M. Goppert placed fern leaves carefUlly in clay, and exposed the 
day for some time to a red heat, when the leaves were made to resemble 
pe&ified plants found iu the rocks. Wonders of Geology^ voL 2, p. 561. 

JSypothelical Exam. 8. M. Patrtn and Brongniart suggest thi^ the petri* 
fying process may sometimes be effected ** suddenly by the combination of 
sous fluids with the principles of organic structures.*' Wonders of Oeih 
ff vol. 2, p. 569. Some facts render this probable. For stems of a soft 
succulent nature are preserved in flint ; and the young leaves of a palm 
tree in a state just about to shoot forth, have been found completely g^limfifld, 
LyelVs Elements of Geology, voL 1, p. 82. 

Theory of Petrifaction, In all cases of petri&ction, chemistry 
aets a part. In many instances galyanism and electro-magnetism 
are concerned; especially where the organic substance is converted 
into crystalline matter. The juxtaposition of mineral matters 
forms j^yanic combinations, that produce the requisite currents. 
Cour Elementaire de Pale&ntologie et de Geologie Sfc.^ par M. Al- 
cide D'Orbigny, tome 1, p. 56. This work is one of the ablest 
that has ever appeared on the subject of Palaeontology. 

3. Means of determining the Nature of Organic Remains, 

Prin, The first requisite for determining the character of 
or^nic remains, is an accurate and extensive knowledge of zoology 
and botany. This will enable the observer to ascertain whether 
the species found in the rocks are identical with those now living 
on the globe. 

Prin, The second important requisite is a knowledge of com- 
parative anatomy; a science which compares the anatomy oi 
different animals and the parts of the i^me animals. 

Rem, 1. This recent science reveals to ns the astonishing fact, that so 
mathematicaUy exaet is the proportion between the different parts of an ani- 
mal, '* that from the character of a single limb, and even of a single tooth, or 
bone, the form and proportion of the otiier bones, and the eonoition of the 
entire animal, may be inferred" — ** Hence, not only the frame-work of the 
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iomSl skeleton of an extinct aaimal, bat also the character of the muaeleB, by* 
which each bone was moyed, the external form and figure of the body, the 
food, and habits, and haunts, and mode of life of creatures that ceased to 
exist before the creation of the human race, can with a high degree of pro- 
bability be ascertained." BueklatuFt Bridgewater Trtaliae, vol 1, p. 109. 
See, 1^, Cuvief's Otsemetu Fomleg, tome 1. p. 47, JSroineme Edition. 

Retti. 2. It is clear from the preceding statement, that no individual can 
hope to possess in himself all the requisites for successfully determining or- 
f^anic remains. For the field is too larf^e for any one to hope to become 
Damiliar with all its parts. Hence, at this day, it » costomary lor the geolo- 
gist to resort for aid to the botanist, the aoologist, and the oomparatiya 
anatomist. 

4. Clttssifioation cf ^Organic Remains, 

Prin. Organic remains may be diyided, aooording to their 
origin, into three classes: 1. Marine. 2. Freshwater. 3. Ter- 
restrial 

Bern, 1. The last dass appear in most inttaooes where they ooenr, to have 
been swept down by streams from their original situation into estuaries ; 
where they were mixed with marine relios. Sometimes, perhaps, they were 
quietly submerged by the subsidence of the land. 

Bsm, 2. The following table will show the origin of the remains in the 
different.gronpaof fossiliferons rocka. 

Cambrian and Silurian Systems ) Marine, 

(Qraywacke.) ) Barely Terrestrial 

Old Red Sandstone. Marine 

Oarboniferous limestona IX>. 

Goal Measures. Terreatrial Estuary Deposita 

and submerged land. Hardy perhaps fresh water deposita. 

Few Bed Sandstone Group. Marine. 

Oolitic Group. Mostly Marine, 

but m a few instances, Terrestrial. 

Wealden Bocks. Estuary Deposit. 

Cretaceous Group. Marine. 

Tertiary Strata. Marine and Fresh Water. 

AUuTium. Every variety of origin. 

Inf. It appears from the preceding statements, that by fiu: the 
greatest part of organic remains are of marine origin. Nearly all 
tiie terrestrial relios indeed, and many of fresh water origin, nave 
been deposited beneath the waters of the ocean. 

5. Amount of Organic Remains in the Earth^s Crust, 

JDescr, The thickness in feet of the fossiliferoos strata in Ghreat 
Britain, as given in the tabular view of the stratified rocks, is as 
folbws : 

Tertiary, 2,000 feet 

Chalk, 1,600 do. 

Wealden, 900 do. 

Oolite, 2,000 do. 

LuHi, 600 to 1,000 da 

Upper New Bed, 1,200 da 
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Lower Nev Bed, 800 do^ 

OarboniferooB System, 2,100 to 18,500 da 

Old Red Sandstone, 8,000 do. 

Silurian Bodu, 81,600 do. 

Total, 56,450 feet; or 10.7 mile& 

Rem, 1. We bare already seen that ProC Rogers makes the fossiliferoiM 
roeksin this eountry below the top of the ooal measures, 40,000 feet thiok. 

Descr, Organic remains occur more or less in all the fossilifer- 
ons strata whose thickness has been given. As a matter of fisust, 
thej hare been dug out several thousands of feet below the present 
surface. 

Descr, In the Alps, rooks abound in organic remains from 
6000 to 8000 feet above the level of the sea ; in the Pyrenees, 
nearly as high; and in the Andes and the Himalayas, at ike 
height of 16,000 feet 

Descr, Frequently beds or layers of rock, many feet in thick- 
ness, appear to be made up almost entirely of the remains of ani- 
mals or plants ; indeed, whole mountains, hundreds and even thou- 
sands of feet hi^, are essentially composed of organic matter. 

Descr, Prodigious accumulations of the relics of microseopie 
animals are frequently found in the rocks. 

JSxam, h From less than 1.6 ounce of stone, in Tuscany, Soldani obtained 
10,464 chambered shells : — iOO or 600 of these weighed only a aiogle grain ; 
and of one species it took 1,000 to make that weight These were marine 
lihdls. BucKlanda Bridgewater Treati§e, vol 1, p. 117. 

JSxam, 2. In fresh water accumulations a microscopic erustaceous animal 
called the cypris, often occurs in inmiense quantities; as in the Hastings 
sand and Puroeck limestone in England, where strata 1,000 feet thick are 
filled with them ; and in Auvergne, where a deposit 700 feet thick, oTer aa 
area 20 miles wide and 80 in length, is divided into layers as thin as paper 
by the exuvio of the eypris. Same Work, p. 118. 

Exam, 8. But perhaps the most remarkable eacample is that derived from 
the recent discoveries of the Prussian naturalist £hrenberg, respecting the 
foesU remains of animalcula. In one place in Germany is a bed 14 feet uiick, 
made up of the shields of animalcula so small, that it requires 41,000,000,000 
of them to form a cubic inch ; and in another place, a similar bed is 28 feet 
thick. In Massachusetts, are numerous beds composed of the siliceous shields 
of infusoria (of a somewhat larger size than those mentioned above), many 
feet in thickness ; and similar beds occur all over New England and New 
Tork. Recentlv deposits of these carapaces or shields, have been discovered 
by Prof. Wm. R Bogers in the tertiary strata of Virginia, extending over 
large areas, and from 12 to 26 feet thick 1 Report <m the Oeclogy of Virginia^ 
for 1840, p. 28. 

Descr, It is a moderate estimate to say, that two-thirds of the 

surface of our existing continents are composed of fossiliferous 

rocks ; and these, as already stated, often several thousand feet 

thick. 

Rem, 1. This estimate might, without exaggeration, be confined to strata 
that contain marine exuvia; — that is, such as were deposited beneath the 
ocean. 
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Rem. 2. After all, the preceding statemeata oonrej bat a Terr imperfeet 
Idea of the amount of organic relics in the rocks. To obtain a jost concep- 
tion of their vast amount^ a person must yisit at least a few locauties. 



6. Distribution of Organic Remains, 

Descr, Existing animals and plants are arranged into distinct 
groups, each group occupying a certain district of land or water ; 
and few of the species ever wander into other districta These 
districts are called zoological and botanical provinces ; and very 
few of the species of animals and plants which they contain, can 
long survive a removal out of the province where they were origin- 
ally placed ; because their natures cannot long endure the differ- 
ence of climate and food, and other changes to which they must be 
subject. 

Deser, Although naturalists are agreed in maintaining the ezbtence of 
sa<^ provinces, yet they have not yet settled their esaet number ; because 
yet ignorant of the plants and animals in many parts of the earth. Besides, 
the provinces interfere with one another ; and a single large province may 
embrace several minor ones. This is particularly the case with animals, do 
that zoologists divide them first into kingdoms, and these into provinces, as 
follows: 1. I'he first kingdom embraces Europe, which is subdivided into 
three provinces. 2. The second kingdom comprises Asia, divided into Qy^ 
provinces. 8. Australia, one kingdom and one province. 4. Africa, with the 
islands of Madagascar, Bourbon, and Mauritius; one kingdom and one 

Srovince. 5. America, one kingdom and four provinces. In fdl, five king 
cms and fourteen provinces. Johntton*i PhyHeal Atlas, p. '76. Fhiladel 
phia, 1860. 

Descr, The most approved division of the filoras is that of Professor 
Schouw. He makes twenty-five regions called phyto-geographicaL The ar- 
rangement depends on the natural classification. Thus the Region of Mosses 
and Saxifrages embraces the north polar regions as fax south as the trees, and 
the upper part of the mountains of Em'ope. The Region of Cactuses and Pepper 
embraces Mexico and South America to the river Amazon. The Region of 
Palms and Melastomas embraces that part of South America east of the 
Andes, between the equator and the tropic of Capricorn. JohnMorCs Phys* 
ical AtlaSf p. 66. 

Descr, A few species seem capable of adapting themselves to 
all climates. This is eminently true of man, whose cosmopolite 
character is so marked^ and his ability to adapt himself to different 
elimates and circumstances so dependent upon his superior men- 
tal endowments, that the distribution of the different races of the 
human species cannot be accurately judged of by that of any other 
species. See Latham^s Natural History of Man, 

Deser. Sometimes mouiitains and sometimes oceans separate these districta 
cm the land. In the ocean they are sometimes divided ty currents or shoals. 
But both on land and in the water, difference of climate forms the most effect- 
ual barrier to the migration of species ; smce it \a but a few species that 
have the power of enduring any great change in this respect 
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JDescr, In some instances, cnrganio remains are broken and 
ground by attrition into small fragments, like those which are now 
aocumnlating upon some beaches by the action of the waves. Bat 
often the most delicate of the harder parts of the animal or plant 
are preserred ; and thej are found to be grouped together in Uie 
strata very much as living species now are on the earth. 

lllttM, In a foieiliferocis formation of any oonsiderable ty<&De88, we usnatly 
find MMnewhat Bucfa an amap;ement as the foUowing: The vhole is divided 
into many distinct beds of different thickness. At the bottom, perhaps, we 
shall find a layer of argiUaceous or siliceous rock, with few or no remains; 
then w31 siioceed a layer, perhaps Galoareoos, full of them in a perfect state ; 
next a Utyer of sand or day, or umestone containing none ; next a layer made 
np of the fragments of rodcs, animals^ and plants, more or less comminuted ; 
next a layer of fine ehy ; tbcoi a layer aboniMiiiig in remains. And thus shall 
we find a sncoession of changes to the top of the series. 

Inf. From these &cts it is inferred, that for the most part, the 
imbedded animals and plants lived and died on or near the spot 
where they are found ; while it was only now and then, that there 
was curroit enough to drift them any considerable distance, or 
break them into fragments. As they died, they sunk to the bottom 
of the waters and oecame enveloped in mud, and then the pro- 
cesses of consolidation and petri&otion went slowly <xi, until com- 
pleted. 

Menk I. So very quietly did the deposition of the fossiliferous rocks pro- 
oeed in some instances, that the skeletons and iadusiie of microscopic animals, 
as we have seen, which the very slightest disturbance must have crushed, 
are preserved uninjured ; and frequently all the e^ells found in a layer of 
rock, lie in the same position which similar shells now assume upon the 
bottom of ponds, lakes, and the ocean ; that is, with a particular part of the 
shell uppermost 

Mem. 2. Were the bottom of our existing oceans and lakes, where mnd, 
sand, and gravel, have been accumulating for ages, and enveloping the ani- 
mals and plants that have died there, or been drifted thither, were this to be 
BOW elevated above the waters, we should find exactly such an arrangement 
of organic remains, as we find in a particular formation of the solid rocks. 
While there would be a resemblance between the relics in different seas and 
lakes, there would be great specific diversity ; just as we find in different 
gronps of rocks in different countries ; and hence f^e condusion seems fair, 
that these rocks with their contents had an origin similar to the deposits 
now forming at the bottom of casting bodies of water. 

Hem, 3. In the existing waters we find that different animals 
select for their habitat different kinds of bottom ; thus, oysters 
prefer a muddy bank ; cockles a sandy shore ; and lobsters prefer 
rocka So it is among the fossil remains ; an additional evidence 
of the manner in which they have been brought into a petrified 
state. PhiUip^ Geology^ p. 53. 

Prm. There is reason to believe that the temperature of the 
globe in early times was much higher than at present, and of course 
more uniform over its surface; and hence the rang^ of particulate 
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d6B of animals and plants might then haye been more extensiTO 
iLaii at present; and the number of botanical and zoological 
provinces less numerous; and this inference is sustained by the 
facts of fossil geology. 

JDescr. From the researches of Prof E. Forbes in the Esean 
Sea, it appears, first, that increase of depth has the same kind of 
effect upon the marine animals, as increase of height has upon 
those on dry land, that is, the animals become more and more like 
those of a colder climate. Secondly, that most marine animals 
and vegetables inhabit particular localities, which at length become 
unfit for their abode, and they emigrate or die out Thirdly, that 
speoies ranging widest in depth range fsurthest horizontally. 
Fourthly, below 300 fathoms, deposits of fine mud are going on 
without organic remains, because animals do not live there. 
These conclusions correspond to the manner in which organic re- 
maiiis occur in the rocks. AnsteiTs Geology^ voL 1, p. 497. Bs- 
port of the British Association for 1843, p. 2. 

JPrifL In comparing organic rraiains fin)m different formations, 
it should be recollect^ that they may belong to die same class or 
order, or genus, and yet be widely different from one another; and 
that it is, only when they are of the same species^ that they are 
identical. 

JDescr, If we compare together the remains of the cretaceous 
formation, the red satidstone formation, the carboniferous system, 
and the Silurian formation in different parts of England, we shall 
find that those most remote from one another in locality, differ 
most widely ; but almost without an exception, those in each for- 
mstion are specificallv distinct from all those in the other forma- 
tions. FhHUps* Geology, p. 51. 

JOescr. If we compare the fossils of the tertiary and secondary 
classes of rocks, we shall find that they have scarcely any species 
common, so far as has been yet ascertained, either of animal or 
plant. Jjyell's Prin, Geol., vol. 1, p. 205* 

JDescr, If we examine a formation through its whole extent, 
we shall rarely find that any species of organic remains is univer- 
sally diffused, unless the extent of the formation be quite limited. 
If we compare the same formation in different countries, the speci- 
fic resemblance between the organic contents will diminish nearly 
in the direct ratio of the distance between them. PhUlip^ 
Treatise on Geology^ from Evcy Britt,, p. 52. 

JSxam, In Egypt the cretaoeoas rocks oontain different foeah from the 
chalk of England ; and the same is true of ihe ohalky rocks on the Bootbem 
Ikaes of the Alpe. More than a hundred species of organic relics have been 
described in the rocks of the United States, which are supposed to correspond 
with Uie diialk formation in Europe ; yet only two or tmree species are iden- 
UeaL Morion* 8 SynopHi ofiht Organie Banaitia of the Cfretaceoue Groap 
9f the UhUed 8kUe9, p. 88. Phihidelphia, 1834. PhUlip^ Geology, p 16A. 
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JZfffi. bk a few liMfanow, partieDlar spedet have a verj wile diflbnoo i« 

•ooUmponiieoat roeki. The Bdemnitet mucnmatu9 is found in nearly every 
cfaalk (Mpoait in Europe. The trilobite, CeUymene Bhtmenbachii^ and the 
eorid, Co/entporo, are &und at meet localitieB of Silurian limestone in Europe 
and North America. 

Prtn. Families and genera that were coniemporaried, appear to 
hare had a very wide geographical diffusion, as they haye among 
existing animals and plants ; but for the most part, species occu- 
pied but a narrow geographical area. Phiuips' Treatise on 
Geology, p. 53. 

JSxam. S}>eeifioally unlike at are the organic contents of the cretaceous 
formations in Europe and North America, yet the same genera (ex. gr. £xo- 
gyrtL, Gryphtta, Baculites, Belemnites, Scaphites, and Ammonites) abound, 
and CTen between the speeiea there is a dose analogy. 

Prin, Judging from the distribution of living animals and 

plants, contemporaneous formations in widely-separated porti<ms 

of the globe may contain organic remains very much alike, or yery 

much unlike. 

Ultti, Oomparing the marine animals on the coast of the United States with 
those on the shores of Europe, we find at least twenty-four species of shells 
common to both, and no reason can be assigned why as close a resemblance 
might not have existed at earlier periods. Morton** Synopnttp. 83. On 
the other hand, how unlike are the animals and plants of Ifew Holland and 
its coasts, to those of Europe or the United States. 

Prin. Bocks agreeing in their fossil contents, may not haye 
been contemporaneous in their deposition. 

Proof, The causes that have produced changes of organic life may haye 
operated sooner upon some parts of the globe than upon others, so that par- 
ticular animals and plants may have continued to be deposited in some spots 
longer than in others. 

Mem. Probably, however, such a diversity in difierent parts of the ^lobe 
could not have continued very long, so that rocks with the same orgamc re- 
mains may be regarded as not differing greatly in age ; and besides, as 
already stated, there is reason to suppose that in earlier times there was 
greater uniformity of climate and condition on the globe than at present. 

Inf, From all that has been advanced, it appears that an iden- 
tity of organic remains is not alone sufficient to prove a complete 
chronological identity of rocks widely separated from each otner ; 
but it wiU show an approximate identity as to the period of their 
deposition ; and in regard to rocks in a limited district, it will 
show complete identity. 

Proof, Identity of organic remains proves only the existence of similar 
conditions as to dimate, food, <ba ; but in remote regions of the ^lobe these 
conditions may have existed at different periods, though not probably sepa- 
rated by long intervals ; and therefore the identity is approximate ; that is, 
deposits containing titie same orraiic remains were produced at eras not 
widely remote from each other. But in respect to limited regions of a con- 
tinent^ much difference of climate could not have existed at &e same time ; 
and, therefore, an identity of organic remains proves the synchronism of the 
deposits conUaning them. 
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Prin. If the mineral character of two roi^s agree, as well as 
their organic contents, their synchronism will be shown to be more 
probable. But on the other hand, a want of agreement in the 
mineral characters, ought not to be regarded as proof that they 
were not contemporaneous. 

Proof. The mineral composition of rocks, forming in rtgionB yery remote^ 
must have been subject to as great diyersitT aa their organic oontenta. Bat 
if their mineral composition is the same, it mcreases the probability of their 
eynchronal deposition. 

Frin, Still stronger evidence of synchronism is obtained when 

rocks agree in their superposition, as well as in the characters 

above named. This character, indeed, when it can be applied, is 

very conclusive; but in remote regions it is applied with great 

difficulty. 

Rem, The identification of strata in widely-separated regions is one of the 
most difficult problems in geology ; and one where there is great room for 
the play of fancy. .J)e la Bechi% Thecretical Qedogy^ Chapters 11, 12, 18b 
Ltfetrs ElementB of Otology^ Chapter ix. vol. 1. 

Number of Species ihatjiave been found JFbssiL 

JDescr. About four years ago, Professor Bronn of Heidelberg, 
published an Index Paleontologicus^ or catalogue of all the known 
species of organic remains. The number was 26,421 ; of which, 
2,055 are plants, and 24,366 are animals. And since, not fur firom 
a thousand species are yearly added to this list; we may reckon 
the number in 1853, at 30,000 in round numbers. 

Descr, The following table shows the distribution of these or- 
ganic remains through the different rooks ; that is, the number of 
species in the various formations, as they are given by Bronn. I 
have reduced the number of formations into which he has divided 
the rocks, and used the names usually applied in Great Britain 
and thb country. His names for the animals are not always such 
as are most common in English zoological works ; yet I could not 
change them without danger of error ; though in some instances I 
have omitted his subdivisions and added synonymes in others. 

Descr. The work here attempted by Prof Bronn is a very 
difficult one, and the numbers he has given can be considered only 
an approximation to the truth, on account of the difficulty of 
deciding whether the same species has not sometimes been de- 
scribed under different names. So that probably the numbers in 
the table are larger than they ought to be, or were four years ago. 
For they probably fall short of the truth at the present time. 

JDescr. In the last column but one, the whole number of fossil 
species in the rocks is given. But these numbers are not obtained 
by adding toge^er those in all the columns; for many species 
occur several times, or twice at least, in the series, The object of 
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ibis last oolamn but on^ is to gire the aotaal number of species ia 
a fossil state; and notwithstanding the sources of error above 
alluded to, they do probably present us a close approximation to 
the actual numbers known to science in the year 1848. 

Descr, I have made a few additions to the numbers given by 
Prof. Bronn. He gives no plants, for instance, below the Devo- 
nian System. I have added the four fucoids described by Prof. 
McCoy in the British Palsdozoic Fossils, Plate 1 (1851) ; also the 
four species described in the lower fossiltferous rocks of this coun- 
try by Prof Hall, and one other from Norway. These doabtless 
fall &r below the true number; as the fucoids have been but 
poorly described, and are moreover very obscure. I have also 
added one species of Chelonian to the Devonian system from its 
footprints, and one Batrachian from its skeleton, found in the old 
red sandstone of Scotland, and described by Dr. Mantell (LydTs 
Manual, p. ix. and z., postscript) : also six species of Batrachians, 
and twenty-three species of birds from their tracks in the trias of 
the Connecticut vidley in New England. These all make an ad- 
dition of only forty species. 

Descr. The last column in this table gives us the number of 
living species of animals and plants hitherto described. It is con- 
siderably less than some authors have made it. Some place the 
number of animals that live on the globe as hiffh as two millions of 
i^pecies, and the plants as high as 134,000 : though such estimates 
are hypothetical. Bronn mentions only such as have been actually 
discovered. 

Rem, This table shows the interesting fact, that in several 
classes of animals more fossil species have been described already 
than are known to exist on the globe ; as, for instance, the whole 
class of Badiata and Mollusoa ; also the Polypi, Bryoioa, An- 
ihozoa, Echinodermata, Pelecypoda, Cephalopoda, Entomostraca, 
&c. This is what we might expect if several distinct economies 
of life have flourished and passed away since organized beings were 
first placed on the globe ; and future discoveries of new species 
will doubtless show it to be true of most of the tribes. 

Inf. 1. From the preceding table we learn that all the important 
cdasses of animals and plants are represented in the different for- 
mations. 

Ihf. 2. Henee we learn that the hypothesis of Lamarck is 
without foundation, which supposes there has been a transmutation 
of species from less to more perfect, since the beginning of organic 
life on the globe; that man, for instance, began his race as a 
monad, (a particle of matter endowed with vitfdity,) and was con- 
verted into several animals successively ; the ourang-outang beinff 
his last eondition, before he became man. JJydOs Prin. Ged 
vol. 3, book 3, where this subject is treated ably and fully. '^ The 
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Saimud fisbes," says Dr. Buddand (Bridgewaier Treatise^ vd. 1, 
p. 294,) '' occupy a higher place in the scale of organization than 
the ordinary forms of bony fishes ; yet we find examples of Sauroids 
of the greatest magnitude and in abundant numbers, in the car- 
boniferous and secondary formations, whilst they almost disappear 
and are replaced by less perfect forms in the tertiary strata, and 
present only two genera among existing fishes. In this, as in 
many other oases, a kind of retrograde deyelopment, from complex 
to simple forms, may be said to have taken place." 

Inf. 3. We learn, however, that in the earlier periods of the 
world, the less complex and less perfect tribes of animals and 
plants greatly predominated, and that the more perfect species 
became more and more numerous up to the creation of the present 
races. 

Prin. Yegetable life must have commenced on the globe as 
early as animal life ; and facts establish this theoretical inference. 

Proof, 1. Plants are necessary for the food of animals. 2. Fa- 
coidal plants occur in the Skiddau Slates of England, regarded by 
Prof. Sedgwick as the oldest fossiliferous rocks in Great Britain. 
( Quarterly Journal of Geol, Society^ August 1 848, p. 22 1 .) " The 
earliest formed paheozoic strata in Kussia, as in Scandinavia,*' 
says Sir E. Murchison, '^are characterized by fucoids only." 
{Geology of Russia, Yol. 1, p. 36.) Prof. Sedgwick considers the 
Chrdia markna, described by Prof Emmons in the Taconic rocks 
of New York, as a plant. Prof Emmous describes it as allied to 
the G-ordius, or hair worm. Taconic System, p. 24. 

Descr. The earliest plants that have been found are marine: 
and at that time probably only marine animals existed to feed 
upon them. A few land plants, however, have been found as low 
as the Upper Silurian, according to Prof Yanuxem. (Final Re- 
port on the Third District, p. 184.) In the Devonian period 
monoootyledonous plants were considerably numerous, according 
to the preceding Tabular Yiew. 

Descr. The &mily of coniferous plants is found in the earliest 
rooks containing plants, and at each successive change in the phys- 
ical condition of the globe, the number of its genera and species 
increased, until it forms among existing plants about one three- 
hundredth part of the whole flora, or nearly 200 species. Palms 
also occur, though sparingly, in all the formations. 

DeKT, The 1,100 species of fossil plants found in and beneath 
the carboniferous strata, are two-thirds tree ferns and ^gantio 
Equisetacese. Goniferae, and plants intermediate between these 
and Lycopodiacesa, viz. Lepidodendra, Sigillaria, and Stigmariaa, 
together with Monoootyledonous plants, form the remainder. 
mantdTs Wonders of Geology, voL 2, p. 568. 

Descr, Of the 400 species found between the carboniferous 
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itrata and the tertiary groups, one third are ferns ; and most of 
the remainder are Gycadesd, Goniferse, and LQiaceaa. More of the 
first-named &mily have already heen found fossil, than exist at 
present on the glohe. They form more than one-third of the en- 
tire fossil flora of the secondary formations ; but less than the 
2,000th part of the existing flora. 

Descr, The plants of the tertiary strata approximate closely to 
the existing flora. 

Descr. Below the new red sandstone vascular oryptogamiss, or 
the more perfect flowerless plants, greatly predominate, while 
dicotyledonous plants are rare. In the secondary strata above 
the coal, there is an approach to equality between these two 
classes; in the tertiary strata the latter predominates; uid in the 
existing flora, two-thirds are of this class. Buckland^s Bridge' 
tffoter Treatise, voL 1, p. 520. 



7. Periods in which different plants and animals began to appear 
on the Globe, and in which some of them became extinct, 

Prin. In general, plants and animals began to exist first on the 
globe during the period when the lowest rock in which their re- 
mains are found, was deposited. 

Proof. 1. Those animals and plants are excepted that are too 
frail to be preserved in the rooks ; but in respect to all others, no 
reason can be assigned why their remains should not be found 
along with those of other organic beings existing at the same 
period. Particular species, from being less numerous, or being 
less likely to get enveloped in deposits formed by water (as birdS 
for instance), may be rarely found in the rocks ; and ther^ore, we 
should not be hasty to infer that a species did not exist, because 
we have not discovered its remains. But if a formation has been 
pretty extensively examined, the presumption is strong that few 
new species will be found in it. 

2. Comparative anatomy here comes in to our aid. For it is 
found that certain types of organic existence characterize partiea- 
lar ffeological periods ; and having ascertained the type for any 
particular period, we may infer with great certainty that an animiu 
or plant of a very different type will not be found among the or- 
ganic remains of that formation. Thus, we find in general the 
fossils of the carboniferous group to have been adapted to a cli- 
mate of a tropical character ; and to expect to find in that group, 
animals or plants adapted to a temperate climate, would be un- 
reasonable ; because the two tribes coidd not have existed in tiie 
same climate. 

Descr, The following table is the order in which some of the 
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most importjint animals and plants have first appeared on tho 
globe ; in other words, the epoch of their creation. It may in- 
deed, be hereafter found, when the rocks have been more exten- 
sivelj examined, that some appeared earlier. 



Silurian.and Oambrian, or^ 
Oraywackd Period 



DeyoDian Period. 



QMrboiuferoas Period 



Pemaran Period 



Bed Sandstone Period 
Triaa. 



liassio and 0)litic Period.* 



If flolden Period 



^Echinodermata, Annelida, Z^phjta, Onistacea, 
Entomoatraca, Brochiopoda, Cephalopoda. 

Marine ShelU, 

Cfrustaeeay (Trilobitea.) 

JfUhe9 — Plaooidiaos and Oanoidians, (Sauroids 
and Sharks, ) also those with heterocereal 
tails. 

FhwerUM Plants, ) Marine. 

Flowering P/an<«. f Terrestrial. 

iBatraohiaDS, Ohelonians, Flshet^ (Oephalaspis, 
Ohirolepis dc.) abundant and peculiar. 

'"HepHletf Saurians, peculiar Fishes: Araehni- 
aanSy snch as Scorpions ; JneeetSf as Gnrco- 
Honidfls: JPk^th Water Shell t; InJtuoria: 
IHcQtyledonoua Flantt ; Ooniferse, OycadeaB : 
MonoeotylethnouM Planti, Palmae, Sdta- 
minsBL 

-{ Theoodont Sannaas. 

'Mammalia: Microlestes anttquus, tracks oi 
Birds, Tortoises, and Ohirotheria or gigantic 
Batrachians. {Labyrinthodon) 
HeptUet : Monitor, Phy tosauras, Ichthyosaurus, 
Plesiosaurus, Thooodontosaurus, PaUBosauma. 
Orustaeea: Palinurus. 
Itahes: Pal<eonisous, <&o. 
^ Dicotyledonoue Plant%^ Voltzia, <fea 

''Mammalia; (Blarsupials) Thjlacotheriuro, ana 
Phascolatheriura, (Dtdelphys of Buckland) 

Reptiles : Saurocephalus, Saurodon, Teleosau- 
rus> Streptospondylua, Megalosaurus, Laoerta 
neptunia, JBlodon, Rhacheosaurus, Pleuro- 
saurus, Geosaurus, Macrospondylus, Ptero- 
dactylus, Crocodile, Gavial, Tortmse. 

Mshee : Pycnodontes and Lcpidoides. (Dape- 
dium, <kc.) with homooercal taUs. 

Araehnidans : Spiders. 

Insects : LibelluIaB, Coleoptera. 

Orustaeea: Pagurus, Eryen, Scyllarua, Pala»- 
mon, Astacus. 

Plants : Oycadeaa, (Pterophylluro, Zamia,) 
ConifersB, (Thuytes, Tazites,) Lilia, (Buck- 
landia.) 

{Reptiles: Iguanodon, Leptorynchus, Trionyx 
kmys, Chelonia. 
Fishes: Lepidotus, PycnoduB, Aql Freah water 
and Estuary shells. 
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Qretao«oa8 Pel iod . 



(Birdi (boMt,) 
HeptileK MoeoBauniB, Ac 
JFl»h49 : GteDodianB and OycloidiaDS. 
0ru9taeea : Areania, Etyiea, Ooryster. 
PlanU : Coaferrss, Naiades. 



Tirtlaiy Peri<d 



Mammalia: 1. Socene Period: — PalsBothe- 
rium, Anoplotherium, Lophiodon, Anthraoo- 
therium, Ch«roptamus (allied to the hog), 
Adapifl (reaemoling the hedgehogs) Cami' 
vara: Bat, Ganis (Wolf and Fox) Coatia, 
Bacoon, Qeoette, Dormouse, Squirrel Hep- 
HUb: Serpentfl. 

Birdi : Buxaurd, Owl, Quail, Woodcock, Sea 
Lark, Curlew, Pelican, AlbatroB, Vultureu 

Reptile$: Fresh Water Tortoises. 

Fiihei : Extinct species of extinct genera. 

2. Miocene Ferick: Ape, Dinotherium, Tapir, 
Ohalicotherium, Bhinoceros, Tetracaulodon, 
Hippotherium, Sus, Felis, Machairodus, Gulo, 
Agnotherium, Mastodon, Hippopotamus, 
Horse. 

8. Flioeene Period: Elephant, Ox, Deer, Dol< 
phin, Seal, Walrus, Laznantin, Whale, Dasy- 
tirits, Halmaturus, Kangaroo, and Eaogaroo 
Bat 

Bird9 : Pigeon, Baven, Lark, Duck, ^ 

Piehea : (in the formation generally) more than 
400 species now extinct which belons to 
more than 40 extinct and as many hying 
genera^ 

Insect*: 1,500 species of Diptera, Hemiptera, 
Ooleoptera, Aptera, Hymenoptera, Neurop- 
tera, and Orthoptera^ 

ShelU: In the Newer Pliocene Period, 90 to 
96 per cent of living species ; 86 to 60 per 
cent in the older Pliocene ; 17 per cent in 
the Miocene ; and 8.6 in the Eocene ; amount- 
ing in all, extinct and recent to 4,000 
spedes. 

Plants: Poplars, Willows, Elms, Chesnuts, 
Sycamores, and 600 other species; seven- 
eighths of which are monoctyledonous or 
dicotyledonous. 



Alluvial Fenod. 



Man, and most of the other species of existing 

animals and plants. 
Gigantic Birds^ Dinornis, Epiornis, Dodo, No- 

tornis, and 100 others. 



Mamgnalia : 860 species ; such as the mastodon, elephant, elk, megalouys, 
megatherium, bear, mylodon, glyptodon, horse, ox, weasel, hare, water rat^ 
mouse do. 



BBfllAINS OF MAN. U5 

Human Remains, 

Prin. The remains of men have not been found in any deposit 
older than alluvium, except in a few eases where thej haye proba- 
bly been introduced into drift subsequent to its deposition. 
LyelTs Prin. Geol, vol. 1, p. 249, 282; and vol. 3, p. 204, 236, 

298. 

Proof, In the earlier periods of geology, the fossil bones of other animals 
were often mistaken for those of man. Thus the Homo diluvii teati9 of 
Scheuohzer, was ascertained by Ouvier to be nothing but a great salamander. 
At the present day, no practised geologist maintains that human remains 
have been found below drift ; although some writers on geology still defend 
tiiat opinion. See PenrCt Comparative Evtimate of the Moaaical and Miti' 
eral OeologieSy voL 2, p. 124 Fairholme^s Geology of Scripture, p. 119. 
Comstoek'u Geology, p. 263. But some geologists on the continent of Europe 
are of opinion that tne bones of man are found so mixed with those of ex- 
tinct auadrupeds, as in certain caverns in France, and the province of Iieffe» 
that all must have been deposited at the same time ; that is, during the de- 

C'tion of the most recent tertiary strata. Others suppose that these 
-iifti remains must have been introduced subsequently. BtusklatuTs Bridge- 
water TretUise, voL 1, p. 108. Upon the whole, no evidence has yet been 
afforded by geology, that man existed on the earth earlier than during the 
allutial or historic period. J>r, Smith** Scripture and Geology ^ p. 896. 
Second Edition, London, 1840. 

Objection. Some writers contend that when Asiatic countries have been 
exammed more thoroughly, the remains of man may be found in all the fossil* 
iferous rooks and that they do not thus occur in Europe and America, be- 
caase he had not spread into these parts of the world till a long time after his 
creation. But on tiiis sulijeot it may be observed, 1. That so &r as the eoan- 
ta'ies of Asia have been geologically examined, their organic relics correspond, 
as to distribution and general character, with those of Europe and America ; 
and hence the presumption is, that in all that quarter of the globe, the roam- 
miferous animals will not be found much below the tertiary strata. 2. Com- 
parative anatomy strengthens this presumption, by showing conclusively» 
that most of such animsis as now inhabit the globe, could not have lived 
when the same physical conditions existed that were necessary for the crea- 
tures found in the lower rocks. 

Rem, The remarkable specimens of human skeletons found imbedded in solid 
limestone rock on the shores of Guadaloupe, deserve attention in this connec- 
tion. At first view they may seem genume examples of man in a fossil state. 
Bat thev belong to the alluvial formation, and probably were buried there 
only a few hundred years ago. For the same rock contains shells of existing 
species, as well as ai*rows and hatchets of stone, and pottery. It is said that 
a battle took place on this spot about the year 1710, between the Caribs and 
Gallibis. One of these specimens is in the British Museum in London, the 
other in the Garden of Plants in Paris. Buehlande Bridgetoater Treatise, 
▼oL 1, p. 104. Ouvier' 8 Theory of the Earth by Jameeon and Mitchell, p. 285, 
N. Tori, 1818. Cfuvief's Diacourte on the Hevoltttiona of the Surface of the 
Globe: Philadelphia, 1831, p. 82. 

8. Vertical Range of Animals and Plants in the Strata. 

Lescr, Not only did different species, genera, and families of 
animals commence their ^stenoe at very different epochs in the 
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earth^s hbtory, but some of tbem soon became esitmot , others 

continued longer, and some even to the present time. 

Descr, Species rarely extend from one formation into another ; 

but genera frequently continue through several formations ; and a 

few, even through the whole series of strata; and are still found 

among living animals and plants. Orders are still more extensive 

in their vertical range ; and all the great classes, as has been 

shown, extend through the whole series. Very many genera, 

however, and some orders, are limited to a single formation. 

Others, after disappearing through one or more formations, at 

length re-appear. 

Illui. The following tables will give an idea of the vertical distribation of 
several orders and genera. Phillip^ Treatise on Oeology^ vol 1. p. 76. et, teq. 

Descr. It is maintained by some eminent zoologists and paleon- 
tologists, such as Agassiz and Alcide D^Orbigny, that species do 
not extend from one of the great formations into another, and that 
even in the tertiary strata, no species correspond with those alive. 
Most writers, however, suppose that species do extend sometimes 
firom one formation into the next, and that the number of ana- 
logues of living species in the tertiary, amounts to many hundreds 
Prof Bronn thinks that in some rare cases species pass into a third 
period. According to him, of the 2,055 species of fossil plants, 
twelve pass into other formations than that where they are most 
abundant ; of the 24,366 animals, 3,322 pass into other formations ' 
00 that each species has had an average duration of 1.12ibrDEiatiioQ. 
Birds and mammalia are usually limited to one period. 

The following table exhibite the distribaticm of several orders of Zoophyta \ 
their presence being indicated by stars, and their absence by blanks: 



8TBTE1I8. 



Tertiary, 



Oretaceous. 



Oolitic, 



Salif erous , 



Carboniferous. 



Silurian. 



OQ 



I 

1 



«i 
S 

o 



4 
i 
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The following genera of shalls, Tery abvnduit at present on the globe, 
have a very limited range downwarda The numbers are made out from 
Bronn's Index PaUontolog%eu9 : 



Living Species. 



In Tertiary Syst^n 



In Cretaceous do. 



In Oolitic 



do. 



In Saliferous do. 



In CarboDiferous do. 



In Devonian do. 



In Silurian 



do. 



& 



800 



185 



8 



160 



11 



i 

3 



270 



80 



3 



9 



70 



86 



12 



s 



OQ 



84 



24 



10 



S 



180 



176 



6 



100 



267 



84 



§ 



90 



255 



60 



21 



12 



i 



850 



88 



a 
a 






870 



296 



The following genera are very unequal in their vertical range. One of 
them, the terebratula, extends through the whole series of formations and 
still tives : 



Living Species 

In Tertiary Strata 

In Cretaceous System. . . 
In Oolitic do. . . . 



In Saliferous 



do. • • . 



In Carboniferous do. . . . 



In Devonian 
In Silurian.. 



5 
12 
48 
85 



10 

56 

9 

4 






15 
59 
56 
84 






80 



^ 

127 
88 
41 
88 
72 
40 



1 



1 



41 



55 



2 



1 
2 



i 



o 

04 



2 



28 



111 



57 
95 
12 



i 

I 



25 



12 



t 
4 



o 



8 



12 
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Out of the mnltitiide of Cephakypodfl, or Cambered sheUs, tliat ■warmed 
in the ancient seas, only two speeieB hare oontinued to the present time ; as 
maj be seen by the following table of their rertieal range : 



liring Species 

In Tertiary Strata. . . . 
In Cretaoeons System 
In Oolitie do. 

In SaliferoQs da 
In Carboniferons do. 

In Devonian 

In Silnriaa 



89 
48 



42 



29 
66 



£ 



24 
81 
24 
8 
80 



I 

I 



211 

817 

22 



* 



46 



I 



86 

85 
124 



14 



Palaontological Chart. 

In order to bring under the eye a sketch of the vertical range of the differ- 
ent tribes of animals and plants, that have appeared on the globe from the 
earliest times, the chart which faces the title page, has been oonstructed. 
The whole surface is divided into seven strips, to represent Geological 
periods: viz. the lowest, the Silurian period: the next, the carboniferous 
period: the next, the saliferous period; the next, the oolitic period: the 
next, the cretaceous period : the next, the tertiary period ; and the highest^ 
the historic period, or that now passing. The animals and plants are repre- 
sented by two trees, having a basis or roots of hypozoic rocks, and rising and 
expanding through the dififerent periods, and showing the oommencemoit, 
development, ramification, and in some cases the extinction, of the most im« 

gortant tribes. The comparative abundance or paucity of the different fami- 
es, is shown by the greater or less space occupied by them upon the chart ; 
although there can of course be no great exactness m such representations. 
The numerous short branches, exhibited along the sides of the different £Euni- 
lies, are meant to desi^^ate the species, which almost universally become all 
extinct at the conclusion of each period. Hence the branches are contracted 
in passing from one period into another, and then again expand, to show that 
the type of the genera and orders alone survive. Where a tribe, after hav- 
ing l>een develo|^ during one period, disappears entirely during the next or 
several sueceedmg periods, but at length reappears, a mere line is drawn 
across the space where it is wanting. 

While this chart shows that all ti^e great classes of animals and plants ex- 
isted from the earliest times, it will also show the gradual expansion and in- 
crease of the more perfect groups. The rertebral animals, for mstance, 
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oopimaioe with n fev fiahes ; whose number iDcreases upward ; but no traces 
of other animals of this class appear, till we rise to the saliferous groups 
when we iieet with the tracks^ of chirotheria, tortoises, and birds, and one 
mammal. • But not till we reac& the oolitic period, do we meet with mam- 
malia ; and then only the four species. No more of this class appear till we 
reach the tertiary strata, where they are developed in great numbers, ap- 
proaching nearer and nearer to the present races on the globe as we ascend, 
until, in the historio period, the existing races, ten times more numeroos^ 
oomplete the series with man at their heM, as the oeown of the whole ; or as 
the poet expresses it, ** the diapason closes fiill in man." 

In like manner if we look at that part of the chart which shows the derel- 
opment of the yegetable world, we shall see that in the lowest rocks, the 
flowering plants are very few, and consist mostly of ooniferse and eyoadess : 
links as it were, between the flowering and the flowerless plants. It is not 
till we ascend to the tertiary period, that the willows, elms, sycamores, and 
other species that form the forests of the temperate zone, appear. Monyeoty- 
ledonous plants are found through the whole series, appeanng in great force 
in the coal formation ; and among existing spedes they are developed in great 
abundance, not less than 1,000 species of JPalnu, — ^the Obown of the yegeta- 
ble world-shaving been described. 

Take another example from the animals. The Saurian Beptiles began to 
appear in the Carboniferous period: and they continued to be developed 
in greater numbers through the Permian, Triassio and Liassic periods, and 
reaped their greatest expansion in the Oolite. But above that formation 
their numbers and size decreased, and at present their representatives on 
the globe, with the exception of the crocodile and the alligator, are mere 
pygmies. 

A similar example among plants exists in the lyoopodiaoess ; which during 

the carboniferous period, formed trees from forty to sixty feet high, ' But above 

that period, they rarely appear ; and their only remaining representatives 

on earth at the present time, are obscure plants a few inches in height. 

Much more information of this sort may be obtained by a few momenta 

i^ inspection of this chart; which will prevent the necessity of details. As 

^ this, however, is the first effort that has been made to give suda a representation 

^ of the leading facts in paUeontology, I shall expect that defects and imner 

^ feotions wiU be discovered in it.* 

I 9. Com^rison of Fossil and Living Spetnea, 

i Prin. It is a moderate estimate to reckon the species of organic 

i remains hitherto described in the rocks below the tertiary strata, 

( at 12,000. Yet scarcely none of this number have thus far been 

' identified with any now living on the globe. In many cases they 

' differ even generically. 

! Prin, The deeper we descend into the earth, that is, the older 

1 the rock, the more unlike in general are its organic remains to ex- 

* Since the above was in type, (in the first edition,) I have received the 
Lethaa Geognattiea o( Professor Bronn, published at Stuttgart in 1887 and 
1888, where I find a chart constructed on essentially the same principles. 
The wonder with me is, not that I have been anticipated, but that so sim- 
ple a plan to exhibit the leading facts of paUoontology has not been employed 
uy writers in the English language. 
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istin^ species. As we asoend, we find a nearer and neurer ap- 
proximation to existing species in each successive formation. 

Descr. In 1833, the number of shells in the tertiary strata, that 
had been discovered and described by M. Deshayes in Europe, 
amounted to 3,036; of these, 568 were identical with species 
found in our present seas. They were distributed however, very 
unequally through the different groups of these strata, as follows. 

In the Eocene or oldest 
Group, 1,238 species : Living analogues, 42 

In the Miocene, 1,021 do do ^76 

In the Pliocene, 777 do do 350 

LydTs Eletn, Geol.j vol l^p. 281. 

Prin. The organic remains in the northern parts of the globe 
correspond more nearly to existing tropical plants and animals, 
than to those now living in the same latitudes. 

Proof. It is well known that the Fauna and Flora of tropical 
regions are so different from those in higher latitudes as to strike 
every observer. Now any one who is acquainted with these pecu- 
liar features of tropical or^anio life, even as they are exhibited in 
books, will be struck with Uieir resemblance to the organic remains 
in the fossiliferous strata. The following examples may serve for 
illustration, beginning with the highest of the strata, viz. alluvium : 
1. Along the snores of the Arctic Ocean in the banks of the great 
rivers, such as the Oby, the Yenesi, and the Lena, are found im- 
mense quantities of the bones of the extinct species of elephant 
called the mammoth. The region in which these remains occur, is 
almost as large as the whole of Europe. Now although the fact 
that these animals were covered with hair, proves that Uie climate 
where they lived was colder than that where naked elephants now 
live, yet it must have been much warmer than the present tem- 
perature of Siberia, in order to produce vegetables for their susten- 
ance. The rhinoceros found fossil in the same country confirms 
this conclusion. 2. The bones of extinct species of elephant, rhi- 
noceros, hippopotamus, lion, tiger, hyaona, &c. — ^genera confined 
almost exclusively within the tropics at this day, are found scat- 
tered through the alluvium of almost every part of Europe. 
3. When shells are found in the tertiary strata in northern coun- 
tries, identical with those in existing seas, their analogues are 
almost universally found in tropical seas; and when the same 
species occurs in the Mediterranean, for instance^ as is found fossil 
upon its shores, the la ter is much larger than the former ; and it 
is a well-known fact that the same species in tropical regions at- 
tains a greater size than in colder climates. 4. The great size, 
both of the animals and plants found in the secondary strata, com- 
pared with that of living organic beings of a similar kind, shows a 
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state of diinate daring their growth very favcrable to their de- 
yelopment ; such a climate, in £sust, as exists in tropical countries. 
5. The great number of chambered shells, such as ammonite, 
orthocera, &o. found in the secondary rooks, confirms this proposi- 
tion, since the few representatives of these shells still found alive, 
occur in warm latitudes. 6. But perhaps the most striking evi- 
dence of a warm climate, during the deposition of the secondanr 
rocks, exists in the fossil flora of the coal formation. This is 
filled with gigantic plants of senera mostly found within the 
tropics, such as equiseta, lycopodiacese, tree ferns, palms, &c. ; and 
a person who is familiar with these remains, is struck, on going to 
a tropical country, with their resemblance to the vegetaUon around 
him ; as he is with their want of resemblance to the flora of high 
latitudes. These tropical plants have been found in the rocdcs 
around Baffin's Bay, and even as far north as Melville Island, in 
75^ north latitude. 7. Numerous organic remains in the second- 
ary rocks «ven in the oldest fossiliferous strata, appear to have 
once constituted coral reefs, such as are now found only in tropical 
seas. Such relics as these, also, have been found in the rooks of 
Melville Island. 

Rem, h Agassiz, Lyell, and Smith of Jordan Hill, s«em to have proved 
that the climate of northern regions, immediately preceding the aUuvial 
period, wa8 lower than it is at present; and it is the opinion of Agassii, that 
a similar fall of temperature took place near the close of each great geologi- 
cal period. But admitting all this to be true, it caunot affect the preceding 
arguments coneerniDg the general temperature during those periods, except 
as to the drift whidi is of little consequence in this respect. JSdinhurah 
Ntm Philasaphical J&wmaiy Aprily 1888. Dr. Buekland'e Anniversary Ad- 
drest before ike London Geological Society in 1841. An, and Mag, oflfaL 
History for February ^ 1841. 

Bmt, 2. Those devoted to fossil botany say that the land plants found in 
the older strata, correspond more nearly with those now growing upon the 
low islands of the Pacific Ocean, between the tropics ; and hence they infer 
that^en these flourished, the land was but little elevated above the waters ; 
and that the climate was constantly very warm and moist. Amer* Jour. 
8eL vol 84» p. 824. 

Prin, It is probable that during the deposition of the older 
fossiliferous rocks, the climate was ultra-tropical ; that is, warmer 
than at present exists on the globe. 

Proof. Tropical species of equiseta, lycopodiacese, tree ferns, 
&e., are much larger than those loxmd growing without the tropics. 
But those found fossil are much larger than any now living. 
Equiseta,^ for instance, in the ancient world, were sometimes t^ 
feet high*; tree ferns, from forty to fifty feet, and arborescent 
lycopodiaoese, sixty or seventy feet high. Recent equiseta are 
rarely more than half an inch in diameter; whereas the fossil 
oalamites, a very similar plant, is sometimes seven and even four- 
teen inches in diameter, and no living lycopodiaced^ are more than 

6 
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Iliree fdet high. This extraordinar j derelopment, irhioH k fotmd 
also in other species of plants and aDimals^ can be explained onlj 
bj a higher temperature; though Adolphe Brongniart suggests 
that in those eany times, when perhaps no land animals existed, 
l^e atmosphere might have been more highlj charged with car- 
bonic acid than at present Histaire des vegetavx fosnUs^ par M. 
Adolphe Brongniart; 2d Livraison, p. 113. BucklantTs Bridge- 
water Treatise^ vol. ], p. 450. FhiUips^ Edinhurgh Treatiae on 
Geology^ p. 118. 

Prin, The temperature of the climate seems to hare gradoallj 
sunk during the saccessive deposition of the different groups of 
fossiliferous rocks. 

Proof. While the whole number of species of ferns, now grow- 
isg upon the globe, is 1,500; only 144 are found in the northern, 
temperate, and frigid zones; and 140 in the southern, frigid, and 
temperate sones; while the remaining 1,200 are found within the 
tropics. Now the number of fossil ferns dimmishes in nearly tha 
same ratio, in ascending from the oldest secondary rocks, as it 
does in going north or south from the equator. Hence it is in- 
ferred that a similar decrease of temperature is in both cases the 
cause. 2. This is the most rational mode of explaining the grad- 
ual approach of organic remains to existing species, as we come 
near the surface ; so that during the tertiary periods the climate 
could not have been much different from that around the Mediter- 
ranean. Buckland^s Bridgewater Treatise, vol. 1, p. 471. 3. If 
the former high temperature of the globe be admitted, we should 
expect this gradual reduction of temperature by radiation. Phil- 
lips^ Edin. TrecUise on Geology, p. 96. 

10. Description of individual and peculiar Species of Organic 

Remains, 

PLANTS. 

Descr, The number of fossil plants described by Professor 
Unger, in his Synopsis Plantarum Fossilium, amount to 1,643; 
which are thus distributed in the several classes of Endlicher. 
Am, Jour. Sci,, vol. 2, Second Series, p. 136. 

A]go 119 

Gluiraoee. 6 

IdcheDes 1 



Fungi.... 9 

Musd .• 2 

OalamariaB, (EquisetacesB and Oa- 

lamita,) 109 

Klioes ^ 444 

FluYiales 21 

Spadiciflortt, (Pandanocarpum, 

Ar) 18 



Hydropterides, (SpheDophyllmn) 11 
Selagines (LyoopodiaoeaB, Lepido- 

dendresB, <&c) 207 

ZamiaiB 100 

GlumaceiB 11 

EnaDtisblaatiB 1 . . . • 2 

CoroDariaB, (Lilia) IS 

ScitamineaB, (Mosacea^) 14 

Principes, (Palmae) 48 

Conifers 141 

Aquatics.... 1 



ALQJH, OK iC4 WBESa. 



1S3 



Oloniccn. . . . 

Oootortra. . . 

PetalRDtlua.. . 
DbcBDtbn... 



HeiparidM , ■ 

Aeeiia l» 

FraogulacoB 4 

TricociaB 1 

Terebtothitiete so 

Oalfoiflorte 5 

Mjrtiflor 



Alga} or. Sea Weeds. 

Deacr. Ksisting submarine vegetation, amonntbg to more than 
500 species, may be arranged in three divisions ; dependent for 
their charaotcra upon climate ; the first group occupying the 
fngid, tho second the temperate, and the third the torrid zone. A 
nmilar dietribxitioQ of the fossil muriuo plants, will bring all those 
below the top of the new red sandstone into the class of tropical 
ptaots; while those higher in the series, approximate more and 
more to those now existing on the globe. Adolpke Brtmgniart't 
Histoire lies Vegetofux Ihmles, Livraison I, p. 41. 

Deicr. In the lowest ro<^s most of the pluits are marine. Fift 
19 represents a species of fucoides. 
Rg. 49. 
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Descr. Fig. 49, (bis) shows a species of sea weed, probably the 
Buthotr^Ms of HalL It occurs in black shale in South Hs[dlej. 
It has the very unusual character of being preserved so as to re- 
semble an existing sea weed bleached. It does not lie flattened 
upon a single layer of the stone, but passes through it in various 
directions, appearing like an irregular branching sea weed, sur- 
rounded as it grew by mud, which hardened into rock. I am in- 
debted for this specimen (which is doubtlessanundescribed species, 
and therefore I call it Buthotrqihis HolyokensU) to Miss Sophia 
Spofford, associate Principal of the Mount HolyoKe Female Semi- 
nary, in South Hadley. 

Fig. 49, (his.) 




Btithotrephii Solyoheniis : South HadUy, 

Musci and FUices ; cr^ Mosses and Rms, 

Descr, On account of their delicate structure,''mosses are rarely 
preserved in the rocks. But ferns are very abundant; especially 
in the more ancient strata, where they are found of a sise at least 
equal to those now growing in the torrid zone, which are often 
from forty to fifty feet high. Fig. 50, is a sketch of some of tiiese 
tree ferns, now growing in tropical climates. 



Uacr. Enrope at the present time does not oontun more than 
thirty or forty epeciea of foms, and these of tUminatiTe die; 
whereas more than 200 species hare heea found in the ooal forma- 
tion of the same qnarter of the globe. Adc^he BrongmaTt in 
American Jourwu of Science, Tol. 34, p. 3J9, 

lA/copodiaeeee ; or. Club Mbstea, 

Doer. The Lvcopodiaeea are a tribe of plants intennediato 
between ferns and oonifene on the one hand, and ferns and mosses 
on the other. Lindley'i Natural System of Botany, p. 313. 

Jj^fidodendnm. This fossil plant approximates in its character 
to the lyoopodiaoete : or rather, it seems to be intermediate between . 
the club moss tribe, and the cbniferee or pine tribe. It is abun- 
dant in the coal formation, where it is sometime fonnd from 
twenty to fbrty-five feet lonj ; and M. Ad. Brongniart has de- 
•oribcd thirty-four species. The genus is wholly eztmct. Fig. 5 1 
will oonrey some idea of these plants. 

Jiem. like lepidodendra fil! up a choBtn in the eiiuttng serisB of pUots, 
between flowering and flowerlees pliui'.s, better than snv living genus. Kmi- 
lar Uanin in the eiiating organization are filled bj oUier extinct graiera of 
wganio teauini. lAndUy and Sutiim't FottU I^ora, to). S, p SB. 



Ikicr. Living plants of this tribo 
are called horutaih, cattaili, xout- 
ing rushes, &c. : and althongh of fre- 
qaent oocwrenoe in all climfttes (tba 
most frequent in ttie temperate Eoaea) 
tbey are of diminaUve uie, even ia 
die torrid lone, compared to those 
found fosHil. The latter are divided 
into two gesen, Squiietum and 
Calamites ; the former oorreBpond- 
ing very nearly to living eqnisela, 
but the latter difEering a good deal 
is strnctare and sixe; being modi 
larger than the eqniaeta. Fig. 52 
ia a oalamites destitnte of leaves 



Doer. The Cyoaaea are a remarkable family of plants, ooonpj- 
ing an inleriDediate place between palms, ferns, and ooniferie ; 
filung up an important link between diootyledonona, monocotyle* 
donons, and Bootyiedonona vegetation. Only two genera and twenty 
two spooiea are known as now living npon the globe. But dnring 
the deposition of the rocks above the coal, tnev formed a lai« 
part of the vegetation. They have lately been ninnd abo in too 



eoal fbnufttion. The liTiDg ^>eciei mostly grow id tropioil di- 
mates. Fig. 53 represents a hving species of these plaata. 



Cyclat Rtsoluta. 

DescT. Large trunks of trees, from half a foot to throe feet in 
diameter, and from fifty to sixty feet long, eoTered with flutioRS 
and sours, have long been known in the coal formation under the 
name of SigUlaTia, from tlie roBomblance of the scars to the im- 

Ereesion of a seal. It wan not till recently that geologists have 
een able to refer these trunks to any known family of vegetables 
Tbey now suppose them to have been exogenous plants and gym- 
noBperms ; but like the lamia above described, combining also the 
vascular systems of ferns and lycopodiaccEe. And they probably, 
also, were a principal som'ce of the beds of coal in the coal meae- 
nres. Fig. 54 exhibits one of these Sigillaria. 

Deter. Another fossil tilant still more common tn the " mider- 
day" beneath the coal Deds, la called Sligmaria. It conuats 



noaLABiA urn nrauBu. 
Jig. M. 



Siffillaria, 
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(Fig. 55,] of & dome-sb&ped centre, three or four feet in dumeter, 
irom which proceed braaobes, thirty or forty feet loos, oovered 
with tnberclea, or rootlets. These Stigm&rise weie probahlj the 
roots of the Sigilloria ; although till recently they have been 
thought to be dome-shaped aqaatic plants. 

DescT. Several other extinct genera, with sears similar to tbooe 
on the Sigillaria, oocur in the same rocks, and are probaUy Ooni- 
fbne. Fig. 66 shows a portion of one called JJlodettdron. 
Fig. Ed. 



UlodmdroK. 

Deier. Another remarkable and beautiful tribe of plants, not 

unfreqnent in the ooal formation, has wborled leaves like tha 

flower of the Aster : heace one genua is called Astarophyllites. 

Fig. 57 shows one of these from the coal mine in Mansfield, Mass. 

Fig. 67. 
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Conifera and Cycadea, 

Descr. GoniteraB and Cyeade» are the only two families of fossil 
plants whose seeds are originally naked. Hence they are called 
Gymna^^ermous PhanerogamicB. The conifersB under the name 
of pines, araucarias, &c. constitute a large and important part of 
the existinff trees of all climates ; and wey occur in the rocks of 
all ages, jlore than twenty species have been found in the ter- 
tiary strata, thirteen species in the oolite and lias, four (of yoltzia) 
in the new red sandstone, and several in the carboniferous forma- 
tion. . Mr. Witham has fibred the trunk of an araucaria, forty 
seven feet long, from Cragleith quarry in the carboniferous lime- 
stone near Edinburgh, wiiharn^s description of a Fbssil Tree^ 
Sc. Edinburgh, 1833. Araucarias are found fbssil in Great 
ritain alone ; but genuine pines occur in the coal formation in 
Nova Scotia and New Holland. The four living species of arau- 
caria that have been described, occur in tropical climates south of 
the equator. 

Descr. Sometimes the trunks of these gigantic trees, as well as 
of some of the other plants that have been described, are found 
standing erect, rarely in the very place where they grew ; but 
generally they appear to have been transported, and to have aa* 
somed an upright position by the ereater specific gravity of tiie 
roots. Fig. 58 shows the stumps of an ancient forest of coniferao, 
with the roots imbedded in the black vegetable mould in which 
they grew ; the whole being now converted into stone. The sec- 
tion was taken in the Isle of Portland, England. 



Calcareous 
Stone. 

Buhratone. 



^£3 




Dirt Bed. 






Subterranean Foreii: Isle of Portland, 
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Tig. 58, (bifl) exiiibits a sncoesnon of vertioil stems io tlie eoal 
measures at the head of the Bay of Fund; in Nova Sootia. Tb^ 
thickness of the mass of beds of sandstone oontainiog the stems is 
2,500 feet, and the length of the stems usually six or eifht feet. 
The thickness of the beds represented is aiuety-two feet (De la 
Beckys Geological Obterver, p. 486. Philadelphia, 1851.) 

Prin. It ia probable that dicotyledo- 
nous plants, as well as the frailer kinds of 
flowerlesB ones, such as fungi, and mosses, 
may have been more abundant in the I 
torlier periods of geologioal history, than ' 
the specimens of these plants found fossil 
would lead us to infer. 

Proof. Most organic remains most 
have been preserved in water, or at i 
least in wet sand, or mud. Now Prof. 
Iiindley, having immersed in a tank of 
fresh water 177 species of living plants 
for more than two years, arrives at the 
following conclusions. , 

" 1. That the leaves and bark of most 
dicotvledonoos plants are wholly decom 
posed in two years, and that of those 
whioh do resist it, the greater part are 
Conifene and Gycadie." 

"2. That Monocotyledons are m6re 
capable of resisting the action of water, 
particularly Palms and Bcitamineous 
plants ; but that grasses and sedges per- 

" 3. That Fungi, Mosses, and all the 
lowest forms of vegetation, disappear." 

"4. That Ferns have a great power 
of resisting water if in a green state, not one of those submitted 
to the en)eriment having disappeared ; but that their fruotification 
perished." BucMa.n£t Bridgeioatar TVeatue, voL 1, p. 480, 

£<in. It ifl iateresti 

-e mint eadnring ii 

sraumstiancespreveDt OH from inferriDgwith cerlainty that all the 



more frail and the diaotjledDDoiia speeiei psrEghed in the proceu of patrUko- 
tioo. If a oorreipaQiling sxperiment had beeo made with tbosa plants in 
Dud, or taaa, another ia udt water, or uilt mud, these resultB might 



have been tomewhat modifipd, and probably ia nearly every case wbera 
plaota are carried to the bottom of water, they are covered by mud b 
■hotter time than (wo year* ; and most of thoM preserved in the rovkx w 
fMMliied baoeath salt water. Other snl)rtaiM«i, u irflo, or Ume, in loliil 
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in the wtUr, wiAi eMentiaUy modify the ezperiment After all, howerer, 
the experiment does, show us that we must not plaee too much dependenee 
on the relati7e numbers of dififereot eUsses of fossil plants, as hitherto dia- 
eorered. 

Bem. 4. Other peonliar and interesting plants oceur in a fossil state ; as 
the pandaaes, pauns, Ae., bat the limits of this treatise do not permit their 
introduction. 

Rem, 3. The great size of many fossil plants, and the vast ao- 
oomolations of carbonaceoos matter in the ooal formation, render 
it probable that the vegetation of the early periods of the globe 
was far more abmidant than at the present day. Yet as the trees 
were mostly without flowers, and onenlivened by the presence and 
Toioes of any vertebral animals, the landscape mnst have presented 
a very uniform and sombre though imposing aspect ; better adapt- 
ed to a state of preparation for the higher orders of animals, than 
for their actual existence ; better adapted to prepare fuel for man, 
than for his happy dwelling. 

Bern, 4. The different families of living plants are distinguished not merely 
by external characters, which mostly disappear when petrified, bujt by a cor 
responding anatomical structure ; chiefly by the form or the minute vessels of 
which they are composed. Now it is found that these vessels retain their 
form when petrified. Hence, by cutting a fragment of fossil wood very thin, 
and polishing it, a microscope will show these vessels, and thus enable the en- 

3uirer to determine the nature of the plant. For thb discovery we are in- 
ebted to Mr. Witham, who has given directions for preparing fossil wood 
for such an examination. WWtam*a Observationa on JFbsail Vegetable*, <be, 
Edinburgh, 1881, Quarto. 

Descr, Many of the plants preserved and petrified in the 
newer rocks are of deep interest Perhaps those of the tertiary 
strata are the most so. In not a few places we find the trunks of 
large trees, completely converted into silex, so as to give the ob- 
server an idea of a petrified forest. When polished they form 
beautiful agates, and exhibit the minutest vessels of the wood. 
Such forests occur in the desert near Oairo in Egypt, in the island 
of Antigua, in the West Indies, and in Texas, and farther north 
in the desert region along the east base of the Bocky Moun- 
tains. 

Descr. Tertiary deposits sometimes contain an imperfect kind 
of coal, called Brown coal, a part of which is lignite. In this coal 
we sometimes find fruits most beautifully preserved. The island 
of Sheppey, near the mouth of the Thames in England, is a famous 
locality from which the fruits of several hundred plants have been 
obtained. (History of the JBbssU fruits and seeds of the London 
Clay^ by J. G. Bowerbank, London 1840, part 1.) These belong 
to the lowest part of the tertiary, and are often converted into iron 
pyrites. But in Germany, where they exist in the upper part of 
the tertiary, they are simply carbonized. The same is the onse 
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witit an intereBtiug daporit in Brandon, Yennont, wliioh I have de- 
Mribed in die Amerioan Journal of Science for Janaarj, 1853. 
The brown coal bed there about twenty feet thick, is associated 
with white and variegated clay, brown hematite and oxide of man- 
ganese ; and the whole lies immediately beneath the drift. We 
may oonolnde, therefore, that it belongs to the tertiary, probably 
the Pliocene; and since the same substances, with the exception 
of the coal, are associated on a line ninniug sonthwest«rly from 
Oauada to Alabama, 1,200 miles, we thns determine the exiatenoe 
of such a tertiary deposit of that extent. 

Descr. The fruits of this deposit have not as yet been referred 
to living genera of plants. They do not, however, correspond 
with any pUnta now growing in the northern parts of onr oouutty, 
and are doubtless of a tropical character. The figures below will 
give an idea of their size, shape and markings, and may serve aa 
M example of tertiary fruits. 

Figs. 59, 60 and 61 represent the most common species: the 
two first show the specimen flatwise ; the other edgwise. Figs. 62, 

E1^ so. Fig. 61. 
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63 and 64 ahov the Mine u to a leag oommon Bfteoim. Figa 65 
and 66 show a somewhat differeat speoiea. Figs. 67 and 68 repre- 
sent a not anasaal apeoiea, almost exactly aplierical. Pig. 69 is 
similar but elongated. Fig. 70 shows a single oarpeL Figs. 71 
and 72 exhibit specimens with the apex quite aside from tho 
geometrieal axis. Figs. 73 and 74 have longitudinal ridges quite 
prominent. Figs. 75, 76 and 77 are more or less triquetrous. 
Figs. 78 and 79 are elonnted, slightlj striated, small fraits, with 
a radier thidi epioarp. Figs. 80, 81, and 82 are legominooa seeda 
Fig. 00. Fig. 86. ng. 61. 



Kg. B8. Fig: se Fig. To. 
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Fig. Tl. Fig. T2. Hg. 18. 
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fig. 14. T\g. 16. Pig. IB. 



Kga 11. 18. 19. Figs. 80. 81. B2. SI. 
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Fig. 8J is Kn elegant tn,i\ seed with delicate waring stria. Fig. 
84 shows a piece of the coal with the wrinkled and jet elutao in- 
tegnment of a seed resembliDg a raisin. 



Descr, Zoologists are not entirely agreed as to the elassifioation 
of animala The general plan proposed by the immortal Gnvier, 
however, is mostly followed by the best writers. The following 
oatline embraoes essentially the divisions of Gavier, AgssHJi. uid 
Owen. 

ANIMALS. 

8ub- Kingdom, Uammalu. 

Glass — 3f ammalia, animals that nurse their yoong. 
Aves — Birds. 
R eptilia — Reptiles. 
Pisces — Fishes. 

Sub-Kingdom Auticblata. 
Class — Crustacea — Lobsters and Grabs. 

Insecta — such as Beetles and Flies. 
Anelata — Leeches and Earthworms. 
Girripedia — Barnacles. 

Snb-Eingdom Mollusca. 
Glass — Cephalopoda — Nantilns and Cuttlefish. 
Gasteropoda — Snails, Cowries, and Slugs. 
Pteropoda — Hyal ese, 
LameUibranchiata — Oyster, Glam, &o. 
Braohiopoda — Teret^atnla. 
Tunica ta — Ascidia. 

Sub Kingdom Badiata (Nematoneura and Acrila, OiMn.) 
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Glass Radiaria, of Lamarck ; divided into Echinodenna, 0»r, 
and Aealepha, Cuv. 

Class Polj^ CuVf divided into Ciliobrachiata, Farre, Anthozoa, 
Ehrenb. Nudibraohiata, Farre, 

Glass EfUoza, Rvddph divided into Goaldmintha, Ouxn and 
Sterelmintha, Owen, 

Class Infusoria Cuv, divided into the Rotifera and Polgastria 
of Ehrenberg. 

D«9cr, A claMifioation of ftDimAlfl considerably different from the preceding 
is given bj Professor Bronn in the Table of Organic Bemains upon a former 
page. It differs chiefly, however, in the names rather than in the diviaioDS. 

I. RADIATED ANIMALS. 

Deaor, This extensive division of animals are the most simple 
of any in their organization, and the most removed from common 
observation in general. They are distinguished by their radiated 
struotare : though in some of the first order, the Echinodermata, 
it has been lately shown that they possess somewhat of a " bilat- 
eral symmetry," like the higher orders of animals. The whole 
class are frequently denominated zoophytes. 

Descr. The number of zoophytes in a fossil state is very large ; 
and, in almost every case, tiiey differ specifically, and frequently 
generically, from existing species. I shall notice those chiefly 
that are most unlike such as now live on the globe. 



Crinoideans, or Encrinites. 

Descr. These animals have long attracted attention from their 
peculiar structure and the immense quantity of their remains in 
some limestones called entrochal or encrinal marble. They belong 
to the first class of Radiata, or the Echinodermata. They are ex- 
ceedingly rare among living animals : but two species, the Fenta- 
crinus caput MedusaaSj and the Comattda firnbriata, that have 
been discovered in the ocean, have thrown much light upon those 
that are fossil. The two genera that have attracted most atten- 
tion are the Encrinites rrurniliformis^ or lily encrinite, or stone lily, 
and the Fentacrintis Briareus, The former consists of a vast 
number of little joints, or bones, forming a column, (which may 
be called the vertebral column, although these animals are in ver- 
tebral,) for the support of a cup-like body, containing the viscera, 
and from whose margin proceed five articulated arms, dividing into 
tentaculated finders, more or less numerous, surrounding the 
mouth. The animal was fixed at the bottom of the ocean, or to a 
piece of wood, and merely moved as far as it could reach by bending 
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its very flcxtbb colnmn, wliioh was sdmirably fitted fbr this por- 
ptaa. The number of little boaes, or jointa, oomposiDg the bead 
alone of this apeoiea, is estimated at 26,000. These bones are per- 
forated and are need Bometimea for r ' " 

shown in Fig. 85. 

Re. 88. 



Beu^. The stem of the enorinite is cironlar, but that of pmta 
ennite, pentagonal. The latter, also, had usually a greater nnm 
her of side arms and of joints. One of the moat remarkable of 
them was the briarean pentacrinite, (Pentaorinua Driareua,) ao 
called on aecount of the great number of its hands or tentacula. 
The bones in its fingers and tentaoula amount at least to 100,000 ; 
and those of the »de arms, to at least 50,000 more. And since 
eaeh bone must have had two set of muscular fibres for contraction 
and ezpsnsioD, the bundles of muscular fibres in the whole animal 
must have been as many as 300,000. This vastly exceeds the 
muscular apparatus in any other animal. What a contrast to man, 
whose bones are only 24 1 , with 232 p^ra of muscles I 
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Folyparia, or Coral*. 

Deici: Folyp\, FolmAfen, or Polyparia, are those, minnto 
radiated animala th&t bave tJie power of seoretiiiK carbonate of 
p. ^^ lime, and thna of builduie up ^axga 

stony Btraotores from the Dottom to 
the Borfooe of the ooean. They 
Bwarra in immenBe numbers in tiie 
I was of tropieal climates, and form 
coral reefs which Bometimes extend 
hundreds of miles. They aeem to 
have existed in all itges, uid to have 
formed similar deposits, which ar« 
now ranked among the limeatonea. 
Figs. 87, 88, and 89 show several 
living species of these anim^ as th^ 
are attached to their stony habits- 
lions. 

Doer. The tentaoula of these 

animals are provided with cilia or 

minute hairs on their mar^s, which are capable of being rM)idly 

moved, ao as to keep cnrrente of water in motion, that food may 

be conveyed to their mouths. Immense numbers of the polyparia 
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mute ID buildioK up & single habitalioQ, and tltaj do thi§ u if in- 
flaenced b; one instinct ; so that the Btructnre rises witb the most 
svmmetrioal proportions. Henoe it is still & question, whether all 
the animals upon each structure are not to be regarded rather aa 
one compoutia aDimal. In the FluUra carbasea each poljme has 
uBu&llj twenty two tentaeola; and on these, 2,200 cilia. An or- 
dinary speoimen of this species will contain 18,000 polypi; and of 
oonsequencQ, 396,000 tentacala, and 39,600,000 cilia. On the 
Flustra foHacea, Dr. Grant estimates 400,000,000. Eogd.'i 
Bridgfwater's TrecUise, vol. 1, p 122. 

Descr. These polyparia mostly multiply by bads, called gem- 
mules, which grow like the buds of plants from the parent, and 
after a time fall off and become disluiet animals. A ungle polype 
in this mode may produce a million of young in a month. They 
may also be multiplied by division, wben eaob separate part be- 
comes in a short time a whole animaL Different parts may also 
be made to grow together, and monsters of every form be pro- 
dooed. The Hydra is one of the genera of polypi ; and by taking 
the heads of several individuals, and grafting them to one body, a 
Hydra witb seven, or any otber number of heads, may be pro- 
duced. 

Deter. Out of the vast amount of fossil corals I give only the 
two following for want of room. Fig. 90 goes by uie name of 
Chain coral on account of the arrangement of the pores. It occurs 
in Carboniferous Limestone. Lkkea Geognottica <f Sronn, 
Tab.v, fig. 8. Fig. 91 is a Cyatbophyllum from the Silurian rocks 
of Oermany. (Mdfui^ Par^acta Germanix, vol. 1, p. 66, 
Tab. 16, % a 



nam 



HtUyuUi Labgniakiei 
Rg9l. 




Oyalhopkyllum ■ Turhitiatmn. 
■Fmaminifefo. 

Descr. Moet of those fonad in tho rocks u^ 
juicTOBcopic. Thev were onoe supposed to belong 
to ohamWed sheila, such as the Nantilna ana 
Ammonite. But thej are nov placed amone 
tiie EadiaU, and are lUlied both to molluscs ana 
polypi. Fig. 92 represents a laree speoies, some- 
timeH more than an inch in diameter, called 
immmulitet, icoia Uieir resembUoce to ooiiu ; 
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{mimmus leing the Latin word for coin). Tlioy fonn & Itxga 
part of aome soft limestones. The Sphinx and some of the Pjra- 
mida of E^pt are composed of nninmilitio limeBtone. 

Descr. Fi^a. 93 to 93 are a few microsoopio speoiea, copied from 
the Naiurvnssensckaftlicke ^thandlungen, &o., by W. Haidinger, 
Dea 1850. 

Fig. 93 Elg. Bl. 







OfoiuWina Pygmaa. Otaadvlina JHanifeiU. 



y«dotaria J'robotcidta. CrUtellaria Spm:luJUi 



Fig. 87. 



Eolaiina Inwlid*. 



LiviMO nrroBO&u. 



Zoophyta, Lin, AtOhozoa, Elurenberg. 

Deter. These oonstitnte anotiier great diTisioa of tlte Radlftto 
Mtimals. They ooonr in the eartieat rocks. I give only one ex- 
ample, Tis. the Nereitea Cambrienm, from the Silurian forma- 
tion. Fig. 99. 

Big, 99. 



NtTtitet Ccanbriaiat. 



Inftisoria. 



Doer. These animals are not disoemible, with a few exceptions, 
but by powerful mioroscopea ; and as they usually oocur in some 
sort of infusion, they have been called Infusoria ; though they 
generally go by the name of animakula. The recent astonishing 
discoveries of Ebrenberg, a Pruaaian naturalist, have given a new 
aspect to this department of animated nature, even in a gcologioal 
point of view. He has described 722 living species, which swarm 
almost ererywhere, even in the fluids of living and healthy animalB, 
in oonntleaa nnmbera 

Doer. Formerly they were thought to be the most umpte of all 
animals in their organization; to be in fact little more than mere 
|>artioles of matter endowed with Titality ; but he has discovered 
m them months, teeth, stomachs, muaoles, nerves, glands, eyes, 
and organs of reproduction. Borne of the smallest animalcola are 
not more than the 24,000tb of an inch in diameter; and thethiok- 
nees of the skin of their stomachs, not more than the 50,000,000th 
part of an vuAi. In their mode of reproduction they are Tivipai- 
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ous, oriparous, and gemmiparoos. An individual of the Hi^datina 
smta mcreased in ten days to 1,000,000 ; on the eleventh day, to 
4,000,000; and on the twelftli day, to 16,000,000. In another 
case Ehrenberg says that one individual is capable of becoming in 
four days, 170 billions! Am. Journal of Science vol. 35, p. 372. 

JDescf, Leuwenhoeck calculated that 1,000,000,000 animalculay 
such as occur in comnM>n water, would not altogether make a mass 
60 large as a grain of sand; Ehrenberg estimates that 500,000,000 
of them do actually sometimes exist in a single drop of water. 

Descr, In the Alps there is sometimes found a snow of a red 
color ; and it has been recently ascertained by M. Shuttleworth| 
that the coloring matter is composed chiefly of infusoria, with some 
plants of the tribe of Algso. And what is most singular, is, that 
when the snow has been melted for a short time, so as to become 
a little wia*mer than the freezing point, the animals die, becati96 
they cannot endure so mtech heat ! Btblwtheque UniverseUe de 
Geneve^ for February 1840 ; as quoted in Etudes sur les GlacierSj 
par AgassiZy p. 62, Neuchatel, 1840« A specimen of meteoric 
paper ^ which fell from the sky in Courland in 1686, has been ex- 
amined by Ehrenberg, and found to consist, like the red snow, of 
Conferva and Infusoria, Of the latter he found tw^ty-nine 
species. Ann. and Mag. Nat. Hist. No. 16, p. 185. 

Descr, Surprising as these facts are, it will perhaps seem still 
more incredible, that the skeletons of these animals should be 
found in a fossil state, and actually constitute nearly the whole 
mass of soils and rocks several feet in thickness, and extending 
over areas of many acresw Yet this too has been ascertained by 
the same acute Prussian naturalist. The following formations, he 
says, are of this description. 

1. Bog Iron Ochre. 1 

% Kieselguhr, a sOiceous incrustation, from > Alluvial, 
hot springs. i 

3. FolierschiefeTy Polishing Slate, a variety j 

of Tripoli, or rotten stone. > Tertiary. 

4. The Semi-opal of the Polierscheifer. \ 
Probably of ) 5. Semi-opal of the Dolerite, 1 Secondary. 

the same > 6. Precious Opal of the Porphyry, > and 

nature. ) 7. Flint of the Chalk. ) Primary. 

Descr. Some of the above substances occur in large quantity. 
The polishing slate, for example, at Bilin in Germany, forms a 
bed fourteen feet thiek, and the eatable infusorial earth near 
Lunebourg, a bed above twenty feet thick Tet it would take 
41,000 millions of these skeletons to make a cubic inch; their 
weight being only 220 grains { A single shield or skeleton weighs 
about the 187 millionth part of a grain I 

Descr, Professor Bailey calculates that a cubic inch of the vor 
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foBorial deposit from Mudstone in Yormont, (com|K)8ed mainly of 
the minute GmUeoneUa varians^ contains 15,625,000,000 skele- 
tons ! Adam^ Second AnmuU R^rt on the Gedogy of Ver- 
mont, p. 152. 

Descr. The chalk of northern Europe is more than half inor- 
ganic matter, the rest animalcula. Forty species arc found in it 
Dr. Buckland, as quoted in the Edinburgh New PhUos. Jowm, 
Jan, to April, 1841, p. 441. 

Deter. The animalcula differ from all other animals, in having 
their softer parts protected by a shield, or skeleton, which may 
consist either of silica, lime, or oxide of iron. These shields, of 
course, will not be altered by the strongest heat ; and although 
some of the rocks aboye named have been subject to heat, the 
skeletons often remain very entire, and their organic structure is 
very obvious through a powerful glass. 

Deter, In New Eaglaad and New York, the siliceous marl {Sergmehl, or 
Jifountain iR«a/,) already described as occurring beneath peat in swamps, has 
been recently shown by Pr(^. J. W. Bailej, of West Pomt, to be almost en- 




berg iu Germany Fig. 100 shows a group of these fossil skeletons, 
by Prof. Bailey, as they appear when diffused in water, under the microscope^ 
Ameriean Journal ofacience^ vol 86, p. 118. Deposits of this siliceous marl 
are very conmion in Massachusetts ; and all hitherto examined, contain vast 
numbers of these relics ; indeed, they constitute nearly the whole of the de^ 
posits. I have examined specimens from Spencer, Pelham, Barre, Manches- 
ter, Fitchbnrg, Wrentham, North Bridgewater, and Andover. Professor 
Bailey has given a detailed account of the species from these localities, with 
drawmgi, in my I\n4U Report on the Geology of Ma$8achn$eU9t vol 2, p. 810. 

Pig. 100. 
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Deicr. Of eighty epeoiefr of foasil infusoria disoovered by Ebren- 
berg, nearly one lulf belong to eitinot Bpeoiee. Those in the re- 
cent strata are all freBh-irater animals; but those in tlie obalk an 
marine. London and Ediniurgh PkUosophical Magazine,for 
Mxxif, 1839, p. 277. 

Descr. " The fossil animalcule (torn iroa ochre is only the one 
twenty -first part of the thicknaaa of a human hair ; and one onbia 
inch of this oohre must contain one billion of the skeletons of liv- 
ing bemgs." Wonders of Geology, vol. 2, p. 689, 

Deacr. The ferruginous soum that appears upon the water of 
some springs, as weU as tlie red deposit at their bottom, b oom- 
posed partly of the remains of animalcule, and partly of inorganio 
oxide of iron. Sdiniurgh Ifew Pkilos. Joum, Jan. to April, 
1841, p. 441. 

Schimxlermata. 

Descr. This is the highest olass of the Radiated animals. 
Those now living in tbg ocean are called Sea Stars. In the rooks 
they are very numerous, commencing with the lowest : most so in 
the ohalk, where 474 species have been described. Many of them 
are covered with spmes of apeooliar character. Those represented 
in Fig. 101, belong to two species of Cidarites. The largest of 
these, belonging to C. glandiferus, occm: on Mount Lebanon, 
where they arc regarded (and no wonder from their form) tiBpet- 
rified Olives. {Bronn's Luhea Ckogmatica, Plate 17.) 

Kg. 101. 



Bpitie$ of Cidaritt* 

Deter. Fig. 103 is an elegant species of Cldarites from th« 
oolitio formation. Fig. 103 isa species of Nnoleolites&omWMt- 
phalia. Goldfui^ Fetrefacta Ger. Plates 39 and 43. 
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Kg. loa 






NvdtolUf SaUelU. 
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Doer. The MollnSoonaaniiDKlB compose the aeoond great diTtrion 
of those that are iDTertebral, reckoning &om the least to the moat 
complex. This diTision embraces those animals that are deatitate 
of a spinal marrow, or articulated skeleton ; bnt irhose mnseles are 
attached to a caloareons oovering, called a shell ; or to a soft skia 
externally, and to a hard body within, analogous to shells, lliej 
are most abondantlj diffused among living animals ; and the great 
number of their remains in the rooks, proves, either that they were 
more nnmerouB than other animals in early times, or t^t they 
were more readily {jreeerred. Perhaps we must call in both ar> 
-* a to explain tlw &ct. 
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Bam. Tlie tiimnt tlut dMcribea mfJiaMatia Miimsla u nll«d temdkatagf, 

and bom thi* tcimce geology derirw tli« gTMt«et aid. Eren its fuDduueot' 
b1 principles cannot be described in this trealise: nor, indeed, but t tew at 
Um Tut nnniber of shells that are found in a fbuil stats. Some of the Dwet 
nmarkaUe irill be sdeotad. 

Chambered Shdls. 

Descr. These ue nnivalTe shall^miioh are divided into nnmer- 
oos oompartmentB, or chambers, bj cross partitioDS ; as is shown 
in Fig. 104, which is a section of the wmmaa Nautilu* pomjnliut. 
These partitions are alt perforated by what is called the tipkuncle, 
which ooonsts mostly of a membrane, having the form of a tabs 
■nd being so firmly fastened to the partitions that no air can pass 
by inte the ohamberB. The animal resides in the outer duunoer, 
and is connected with the others only by the siphunole. Around 
the heart of the animal is a sae, which may contain flnid ffliough to 
fill the siphunole. Now the object of this stmcture is to enable 
the animal to rise or sink at pleasure in the water. When the sao 
aronnd the heart is filled with fiuid, the siphuncle is empty, and 
the air in the posterior chambers expands, so as to oanse the shell 
to rise and float in the water; bnt when die animal withdraws its 
arms into the shell, the fluid in the sao is oompreBsed, and forced into 
the siphuncle, whioh condenses the air, and thus the animal is made 
heavier than the water, and sinks. In short, be rises and nnks in 
exactly the same manner as a toater balloon. 

Pig. 10*. 



Ran. Altlioagh tii« nautilus has attracted great attention from the earlieat 



Heacr. With the exception of one or two species of naa^us, all 
the Uiger i^eoiea of muimoooUr or cbamwied shells baTe dis- 



I4B IMNORITSa, OKTHOCEKATITK. 

appeared from the earth, althongh in early times they were Ter; 
nvmerons and widely diffused, and often of enormous size. Thn 
resembled the n&atiliu in general form and stmotoie, althon^ 
senerioally different ; and tiiey are sometimes found more than 
foor feet in diameter. Figs. 105, 106 represent two species of 
ammonites. 

Kg. 105. Kg. lot. 



JmmonileM. 



Dner. Broim in 1849, enamer&Ud 662 sp«aie* of Anunoiiitea; of wliiell 
S oodor ID the Upper Siluriim, S2 in the Tnaa, 817 ia the Oolita aad 811 in 

■'---'--"- ^eaUo B-— '--- "■- ---^-- -"■'- •^'-- -.-l:-l , ,_ 



the chalk. He uso meatioDa ISO speciea of Nautilue ; of which 1 oooun in 
the Lower Bildrien, 4 in the Upper Silurian, 4 in the DeTooian, SO in the 
Oirboniferooa limestMie, t in the Coal Meaiure, 1 in the Permian, S in the 
Triu, S4 in the OoUte, 81 in the Chalk and M in the Tertiorj. 

Deser. It is well ascertained that in some chambered testaoes, 
the shell ia contained within the animal; as in tlie i^mvJa PflrotiM, 
Fig. 107. This appears \a have been the case with several extinct 

finera, as the Orttiooeratite, Litnite, Baoolite Hamite, Scs^bite 
orrilite, and Belemnite. 

Kg. 107. 



Orlhoceratite. 

Door. As its name implies, this was a straight shell divided b; 
transverse septa into ohambers, of which nearly seventy hare some- 
tunes been counted. ' It has been fonnd a yard in length, and half 
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a foot in diameter ; forming k floaty which would have been Boffi- 
cient for an animal far larger than any existing cephalopod. Fig. 
108 shows the shell of an orthocera with one of the septa. 

Kg. 108. 




OrthocernL, 

Inf. The great size of these shells, as well as of the ammonites, 
confirms the views already presented of the existence of a very 
warm climate when they were alive in northern seas. 

Deter, BroDD mentionB 158 species of Orthocera, of which 10 are found 
in the Lower Siluriau, 82 in the Upper Silurian, 48 in the Devonian, 81 in 
the Carboniferous limestone, 8 in tne Ckial Measures, and *l in the Trias; 
above which they do not occur. 

BekmnUe, 

Descr. This internal shell resembled a conical arrow, with a 

cavity of similar shape, in which was a thin homy sheath, and 

within this, a thin conical chambered shell, or alveolus. It was 

provided, also, with an ink bag, like the living Sepia, or cuttle fish, 

as a defence against enemies, or rather, as a means of making good 

its retreat These shells are found only in the oolite and the 

chalk, and eighty-three species have be^i described. 

Fig. 109, shows an imaginary restoration of the Belemnosepia, as made by 
Dr. BucMand, (Bridgewater Treatise^ vol 2, plate 44. fig. 1,) ^chibiting the 
animal with the internal shell and ink bag. 

Loligo; or^ Cattle Fish. 

Descr. It is well known that the cuttle fish, (Sepia or Loligo,) 
is provided with a bag of ink within its body, from which the sepia 
used in painting is obtained ; and also with an internal bone, or in 
some species, a mere thin cartilaginous substance like horn, that 
resembles a quill. Both the ink and the pen of the Loligo have 
recently been discovered in a fossil state in England. Buckland^s 
Brid^ewater Treatise^ vol. 1, p. 303. 

Rem, It is a very curious fact, that a substance so easily destroyed as ink 
shouldJjiaVe been so perfectly preseryed in the lias limestone of Lyme Regis, 
that af^r thousands lind perhaps ten thousands of ages, it can be extracted, 
and the paint formed from it cinnot be distinguished from the best which ar- 
tists now prepare I It is also interesting to learn that for this discovery we 
are indebted to the industry and skill of a lady, (Miss Mary Annin^,) who, 
with others of her sex that might be named, is doing much for the science of 
geology in England. 
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Bivalve SheUt, moitly extinct, 

Daer. Broon ^tm a list of 41V 

apect«a of TerehatuU, Fig, 110, of 
wbich 10 occur in the Lower Silo- 
rian, 80 in the Upper Silurian, 
12 in the Devoman, SS in the Car- 
boniferous IJmeatone, 11 in the 
PwiDiwi, 80 in the TrioB, S3 in the 
OoUte I2T in the ehalb tod 84 in 
tlie Tertiary. Hiirtj speoiea ooonr 



^. 110. 




Ttrehratida. 



DiKT. Of the Prodnotoa, Kg. 
Ill, 73 speoiea are deseribal np ta 
1849 ; of which 4 are found in lh« 
Dppcor SilnriAn, in the Devoniao, 
CS ID th« Carboiiiferoaa limeitooi^ 
and 10 in the Fennion, abore whidh 



Otter. Of the \tt apeedea of 
Spirifer, Fig. IIS, 16 oocof in tlM 
Iioirer I^orian, 18 in the Upper 
Silurian, Gfl in the DeTOQJan, SB 
in the Carbooiferoui Limestone, 7 
b the PerDUBD, S in the TriM, and 
4 in the Oolite. 



Doer, the 1S3 species of Ortiiis, U OMor in the Lover SUttrian, 81 ia 
the Upper Siloruit, 43 in the Derouiui, IS \a the Oarboniferooi limMton^ 
t to the Permian, Mtd 2 in the Trias. 

m. AB.TICtJI.ATED ANUULft 

Vescr. The apunala of this class are distingmshed by hamg 
€orelopeB connected by annnlated plates or rings. 

Bxam. The earth irorin, blood ancker, lobster, oab, borM-*ho«^ ifulera, 
MonnaaB; iDse«ta. ' 

San. Eze^tiag the inaeet^ of vMeh more than 100,000 living sptoiea are 
■lieodT kzurwn, the animals of this alass are not tmioeroaa ; aiul but few oC 
it< tribei ara found in the rochs. 

Imects. ' 

Doer. Unldl tecsently, no inseota bad been dieoovered lower in 
the rooka than the oolite ; but nine apeoies have of late been dii- 
mterred in the ooal formation. Not less than 31 speoiee ooonr in 
the Lias, 43 in the Oolite, 97 in the Wealden, 1,394 in the Tor- 
tiary. £rtmn't L^kaa' Geognostica, p. 811. Annals and Magt 
Nat. Hist. Feb. 1841, p. 495. 

Jinn, If there ia anj probability that inaeoCa were numerous in earlf 
times, tad no tnffieieDt reaaoa oan ba given to show that they were sot, it 
ma; aeem atiange that thdr remoioa ho rarely oeour. But ia the first plaii*, 
a large part of these Animals are too Ami to be preserved in a fossil stata 
Seaondly, only one or tro species of insects are fouad in salt water, whieh ia 
.1 — - .,__, ___!!..__ i_ ^Ijjujj oi^anio remains have been preserred; and 



theprintti] 

thirdly, th 



_^ by ■which oi^anio r ^ . 

_,, thc^ are «o light as to sink with difficulty in the waters, while a great 

Duiabcr of msecdvoroDs HaimaU are watching to devour them, as they float 
along on the surfaoe. 

Arachnidatis ; or, Spiders and Scetrpiont. 

Door. The scorpion has been found in the coal formation in 
Bohemia, by Count Sternberg ; and is the first example of this 
animal in a fossil state. Spiders have not been fotind lower than 
the oolitio series, where only two species are recognised ; bat in 
the fresh water tertiary several species oocnr. 



cRnsTAcum, tbiiobitb*. 



Deter. OnutaoeouB uuduIb are not oommon in the rocke ; yet 
the Kiiig Grab {Zimvlus,) to abundant on the oeast of New Eng- 
land, luw been found in the coal fonnation, and also in the oolite, 
where other animalB of this family oocor. Bat the most remark- 
able animal of this class la extinct, vii : 

The TrUobUe. 

Dacr. This mngnlar animal, which is found in the older fossil- 
iferons rocks, in all the northern parts of Europe, in North and 
South America, tmd at the Cape of Good Hope, was long confoand- 
ed irith insects. But it was at length ascertained that it corre- 

Sionded most nearly to the living genera of orustaaeans the Serolis, 
imolaa, and Branohipus. Figs. 113, and 114, represent two 
genera of trilobites, oat of the many genera and epecies that are 
known. It will be seen that this animal ia composed of a shield 

¥jg. 118. 



CiUyimttt Blwttf^^iaeim, 



BidortOion ^ParodKniiil Tiiiini r^Brevf. 
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WTering the anterior part of the bod;, while the abdomen h»a na- 
merona segmeotB whioli fold over one another like those on a h)b- 
ster's tail. By this arrangemeiit gome of the apeoies had thtt 
power to roll themselves ap like the wood louse, or the armadillo, 
and thoa of defending themselves against enemies. These animals 
are oauallj from one to fliz inches long, and are divided bj longi- 
tudinal furrows into three lobes ; and hence their name. They 
Boem to have been destitute of antennge, and their legs, which were 
soft, and which answered the purpose of legs and wings, have dis- 
appeared. 

Deter. By bx th« largeat trilobit* y«t deMribed, is the Itol^ta maximiu, 
found in Obio, aod figured by Ptofeuor Locke. Id the Seeond Aonoal Report 
oo the Oeology of that State, p. S4S. Its entire length ie IS 1-2 iaehee ! 

Deter. Trilobites abounded among the earlier inhabitants of the 
globe, beine most common in the Silurian rocks. A few speoies 
oocnr in ^e earboniferoos strata ; above which, not a traoe of 
them has been discovered. In the carboniferous strata they are 
aooompanied -by the Limolus. This latter also ooonrs in the 
oolitic group, with other crustaoeans of a higher order. 

Deacr. Perhaps the most curious fact respecting the trilobites, is 
the discovery of their eyes, which are sometimes perfectly preserved. 
It is well known that the eyes of orustaceous animals, like those 
of insects, are made up of a vast number of facets, or lenses, placed 
at the end of tubes, which are arranged side by side, so as to pro- 
duce a radiating mass of eyes, which being generally of a hemi- 
spherical or conical form, and sometimes elevated from the head on 
a stem, enable the animal to see in every direction ; although their 
eyes have no motion. In some insects the number of these lenses 
in both eyes, as in the house fiy, is 14,000; in other cases, (the 
dragon fly,) 25,000 ; in others, (the butterfly,) 35,000; in others, 
(the Mordella,) 50,000. But in the trilobita they amount only to 
about 800, The whole mass is of a conical shape as is shown in 
Fig. 115. 

Fig, IIG. 



Eyttofthe TriMnU. 
IV. VGRTEBItAL ANIMALS. 

Descr. This extensive division of the animal kingdom embraeea 
Uiose animals whose organization is the most perfect, with man at 
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their head. A eranium and Tertebral colmnn, which endoae ihe 
principal part of the neryons system, and a re^ar skeleton, 
covered by muscles, constitute the principal anatomical distinctions 
between this division and the three that have already been con- 
sidered. It is divided into four well-marked classes : 1. Mam- 
malia. 2. Birds. 3. Reptiles. 4. Fishes. 

Fishes, 

Rem, Ichthyology, or the history of fishes, has teoeiyed such great improVe-' 
mcnts Irom the labors of Professor Agassii, as developed in his great work, 
entitled Rteherehet 9ur Ui Foino/tu^par L*Aaa»nz, dbe., that it may almost 
he regarded as a new seieDce. EspeciaUy is this the case in respect to fossil 
ichthyology. 

Descr, The number of living species of fishes now known amounts 
to about 8,000 ; and the number of fossil species to more than 
1,700. BucklanePs Bridgewater Treatise^ voL 1, p. 267. Bd. 
Pnil. Joum. Oct 1845, p. 301. Agassiz estimates the number of 
species that have lived during all the geological periods, at 30,000. 

JJescr, Fishes are found in all the great rock formations, from 
the Silurian upwards : — a fact which is not true of any other daas 
of vertebral animals ; and therefore the history of fossil fishes 
becomes of great importance. 

Descr, Agassiz divides fishes into four orders; deriving their 
characters from the scales : 1. The PlacoidianSy or those whoso 
skin is covered irregularly with plates of enamel (from nXa^, a 
broad plate.) 2. The Gfatwidians ; (from ya^og^ splendar^) or 
those having angular scales of horny or bony plates, covered with 
a thick plate of enamel. 3. The Gtenoidians^ (mtc*;, a oomh^) or 
those hoving jagged or pectinated scales. 4. The Cycloidians^ 
(uvnlo^j a circle^) or those having scales smooth and simple at their 
margin. 

Descr, Three-fourths of the existing species of fish belong to 
the two last orders, whose existence has not been ascertained be- 
low the chalk ; the remaining fourth belongs to the two first orders ; 
which are not at all numerous now, but existed alone in all the 
periods during which the fossiliferous rocks below the chalk were 
deposited. Agassiz in the American Journal of Science^ voL 30, 
p. 39. 

Prin, Not one species of fish has yet been found that is com- 
mon to any two of the great geological formations; or is now liv- 
ing in the ocean. 

Frin. Fossil fishes do not chanse insensibly as we pass verti* 
cally from one formation to another, but abruptly; and these 
ehan^ occur simultaneously with those in other classes of organio 
fenuuns. 
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h^. Henee the oonclnsions that 1mt« been made from the hi»- 
torj of other organic remains, are confirmed by thi§ new branch 
of p&beontolt^. 

DeacT. Belov the ohallc not even an; genua is foond that em- 
braces any livinff species ; those of the oarhoniferons strata dis- 
appear with the deposition of the new red sandstone ; those in the 
oolite, introduced after the epoch of the new red sandstone, ead- 
denly vanish with the appearance of the chalk. Two-thirds of 
those in the chalk and one-thiid of those in the lower tertiary 
strata, belong to genera no longer existing. Amervxtn Journal 
t^ Science, vol. SO, p. 40, 41. 

Ban. Thia oomtaDCT in the chsracter of fouil fiiha hsa enabled M. 
Ag m«i« to determine the tnie eituation of Beveral gronpe of roeki in the geo- 
logiokl Male, that geologiiti hod been nnahle to fix ; or had put them in the 
wrong plaM. 

Dtter. In the old red undstoae a found a geaoi of 6Am, of lir^iUr tona. 
Tfig. IIA ezhitHtea epeaee of Hiii kind. 

FIS.1M. 



HMtr. Agawii hai deioribed teyeataea genera of (anroid flahee, fbtmd in 
all Hie fiirmatioai from the oarbooiferouB npward, except the tertiary ; bnt 
only two genera remain among living fishes ; via. tba LipiJotteiii ouma, or 
boDv pike of North Amerioa ; of which there exist five ipeoie* ; and the 
(Mypttnu of two apeoiea. Bome of theae Bauroid flahei 1:1 the roeki were' 
ofeDormouadze', t^r teeth being larger thanthoaeof tlie living arooodila, 



s living state all over tiie ^obe ; 

„ lo period in geolopcal history in 

which they did not prevail. More than 190 species have been 
foond fossilized. Fig. 1 17 shows a shark's tooth of enormous size, 
foond in Lenoir Coonty, North Carolina, by Mr. John Limber. 
Eslimatiog the size of the animal by the rules given by zoologists, 
its len^ must have been between 70 and 100 teet 



Deter. Anotber sisgalu Tuiot; of fish ia found in all the stnta 
below the lifts, dutingnifihed bj their beterooerool or anBvmmetci* 
Okl tftils ; th&t iB, b; t&ilB vbose upper lobe extends much the fu- 



Sharlit T^nth, ruUural litt: l/orlk OaraUnm. 



COPSOLITES. 



these, by the prolongation of the vertebral colnmn. Fig. 118 
reju-esents one of these fishes of the genua Falaaniscus. Host 
living fishes have homoceroal oi ec(ually bilobate tails. 




Descr. The great nomber of fishes that are sometimes crowded 
together in a rook may be learnt from Fig. 119 from the fresh- 
water tertiary strata of France, D'Orhigm^s Cours Elementav'e 
lie Paieimtologie, ^.,p. 229, Paris, 1850. 

F!g. 119, 



Libiat Ceptudotet. 
Coproliies. 

Descr. The fecal remains of fishes and other animals which 
liuYe been found frequently in several formations, have been called 
Coiirol'Ues. Sometimes Uiey are found detached and sometimes 
in the body of the animal ; and the information derived from them, 
OH to the rood, habits, &c. of the animals to which they belong, is 
of great importance. 



JUm. TIm ooproUtM of birds hAT« been found* in connection with tfa«if 
tracks in Springfield, HaMaehnsettB. From a careful analysis hj Dr. S. 
Jm Dana, tliej were found to contain uric acid, and in snch a proportion as 
ahows not only that thej are the droppings of birds, but of a piraealar kind 
of birds, via. the onmirorous tribes, snch as prodooe the guana 



Reptiles, 

Deter. Pro£ Owen has divided the reptiles into eight orders, 
all of which are found more or less in a fossil state, and three 
of which, (Nos. 1, 2, and 5) are ezclosively fossil. Order 1. 
DinosauriOy or Land Sanrians; embracing only 3 genera of 
ffigantio sise; the Megalosanms, Hyladosaoms, and Igoanodon, 
round in the wealden and oolite formations. 2. JEnaliosauriaj or 
Marine Sanrians; embracing 3 genera also, vis. Plesiosanms, 
Ichthyosanros, and Pliosanrus ; mich, however, contain 28 spe- 
cies even in Great Britain. Found in muschelkalk, lias, oolite, 
wealden, and chalk. 3. CrocodiUa^ (Crocodiles, &c.) embracing 
in England 8 genera and 14 species, and found in the lias, 
oolite, wealden, chalk, and tertiary. Among these the largest was 
the CetiosauTUs^ which was 60 feet long, and rivalled the modem 
whale in siza 4. LacertiUaj or lizards. Found in magnesian 
limestone of the Permian system, and the new red sandstone of 
the Triassic system. It embraces in England 8 fossil genera 
and 10 species. The most remarkable of these was the Bhyn- 
ohosaurus, whose structure approached that of birds. It is doubt- 
ful even whether it had teeth, and it probably had a hind toe, ex- 
tending back?rards. 5. Pterosauria^ or Flying Sanrians; embrac- 
ing omy one fossil and no living genus, viz. the Pterodactyle, 
wmch occurs in the lias, oolite, and wealden. 6. CheUmiaj or 
Tortoises. Found fossil in new red sandstone, oolite, wealden, 
chalk, and tertiary ; and embracing in England 6 genera and 20 
species. 7. Ophidiay or Serpents. Found fossil only in the ter- 
tiary, where in England only one species has been discovered, 
which was sometimes twenty feet long. 8. Batrachia^ or Frogs. 
The whole number of fossil reptiles found in Great Britain alone, 
and described in the admirable Report of Professor Owen on 
British Fossil Beptiles, is 85. See Report (rf the British Associa- 
tion for 1839 and 1841. Also AnstecPs dMogy, vol. 1, p. 303. 
In 1849, Prof Bronn, in his Index Paleontologicus, enumerated 
14 genera and 65 species of Batrachii, 7 genera and 14 species of 
Ophidii; 79 genera and 206 species of Saurii; and 16 genera 
and 99 species of Chelonii; in all, 116 genera and 384 species. 

Rem, I shall now describe more particularly a few of the moil 
remarkable of the fossil reptiles. 
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Ichthyosaurus. 

Descr. This animal sometimes more than 30 feet long, and of 
which 15 species are known, had the snout of a porpoise, the teeth 
of a crocodile, (sometimes amomiting to 180,) the head of aliiard, 
the vertebrse of a fii^, the sternum of an omithorhjnchus, and the 
paddles of a whale : uniting in itself a combination of mechanical 
contrivances which are now found among three distinct classes of 
the animal kingdom. One of its paddles was sometimes composed 
of more than 1 00 bones ; which gave it great elasticity and power, 
and enabled the animal to urge its way through the water with a 
rapid motion. Its vertebrse were more than 100. Its eye was 
enormously large ; in one species, the orbital cavity being 14 inches 
in its longest direction. This eye also, had a pecmiar construction 
to make it operate both like a telescope ana a microscope : thus 
enabling the animal to descry its prey in the night as well as day, 
and at great depths in the water. The length of the jaws was 
sometimes more than 6 feet Its skin was naked, some of it hay- 
ing been found fossil ; its habits were carnivorous, its food, fishes 
and the young of its own species ; some of which it must have 
swallowed several feet in length. This fish-like lizard was an in- 
habitant of the ocean. Fig. 120 exhibits a restored ichthyosaurus, 
by Mr. Hawkins. . Memoirs of Ichthyosauri and Fiesiosauri^ 
extinct Monsters of the ancient earth. By Thomas Hawkins, Esq. 
Folio, with 28 plates. 

Fig. 120. 




Ichthyosaurus. 

Pksiosaurus. 

Descr. This animal, of which 20 species have been found, has 
the general structure of the ichthyosaurus. Its most remarkable 
difference is the great length of the neck, which has from 20 to 40 
yertebrse ; a larger number than in any known animal ; those of 
living reptiles varying from 3 to 6, and those of birds from 9 to 
23. 

The largest perfect specimen yet found is 1 1 feet long ; with 
about 90 vertebrsd. Its paddles were proportionally larger than 
in the ichthyosauri It was carnivorous^ an inhabitant of the 
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ocean, or rather of bays and estuaries ; where it probajbl j nsed its 
long neck for seizing fish beneath, and perhaps flying reptiles, 
above the waters. Fig. 121 exhibits a restoration of one of the 
most remarkable species, the P. dolichodeirus, by Mr. Hawkins. 

Fig. 121. 




Rem, AcoordiDg to Dr. Harlan's Medical and Physical Researches, ichthy* 
owiuri and plesioeauri have been found in the secondary rocks of the TTnited 
States. Mining Review for January, 1889, p. 10. 

Mososaurus. 

Descr. Up to the time of the deposition of the chalk, the ich- 
thyosaurus and plesiosaurus appear to have ruled in the ocean ; 
but then they disappeared, and the mososaurus took their place, to 
keep the multiplication of the species of other animals within proper 
limits. It was most nearly related in its structure to the monitor 
a species of lizard now living. While the head of the largest 
monitor does not exceed five inches in length, that of the mososau- 
rus is 4 feet long ; and the whole animal 25 feet in length ; while 
the monitor is oidy 5 feet in length. It had paddles instead of 
legs ; and the number of its vertebrae was 133. 

Megalosaurus, 

Descr. This name (meaning a great saurian^ has been given 
by Br. Buckland to a gigantic terrestrial reptile, 30 feet long, 
allied to the crocodile and monitor in structure, and found in the 
oolite. The animal was carnivorous ; and in the structure of its 
teeth are combined the knife, the saw, and the sabre. Its princi- 
pal food was probably crocodiles and tortoises. It had a Dino- 
saurian companion, called the Hylaeosaurus, about fifteen feet long. 

Jgiumodon, 

Rem. For our knowledge of this most gigantic of all the reptiles of a for- 
mer world, we are indebted to the industry and scientific acumen of Dr. 
Mantell, who found its bones along with those of the megalosaurus, hylsBO- 
sauruB, plesiosaurus, crocodile, «&c in the wealden rocks in England ; a fresh 
water, or rather an estuary formation, extending over more thim 1,000 square 
miles. It must once have formed the delta of a large river, which has dis- 
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appeared, as wefl as th6 country from which it onginated Wonder* of 
Oeohgy, vol. 1, p. 868. 

Descr, This animftl approaches nearest in its structure, es- 
pecially that of the teeth, to the living iguana ; a reptile of the 
warmer parts of this continent; and hence its name ; signifying an 
animal with teeth like the iguana. Its average length was about 
30 feet; circumference of the body, 14.5 feet : length of the hind 
foot, 6.5 feet ; circumference of the thigh, more than 7 feet ! The 
form of the teeth shows it to have been herbivorous, like the living 
iguana. It had a horn 4 inches long upon the snout, like some 
species of iguana. Fig. 122 will give some idea of the iguanodon.* 

Fig. 122. 




Igvtanodon, 



Pterodactyle. 



Rem, Of all the fossil animals probably this is the most heteroclitic, aud at 
first view, monstrous. Hence anatomists were uoable for a long time to refer 
it to its true place among animals ; some pronouncing it a bird, some a rep- 
tile, and some a bat. But Cuvier at last developed its true characters, and 
proved it to be a beautiful example of tiie wisdom that adapts creatures to 
peculiar and varied modes of existence. 



* In looking at Mr. Martyn's thrilling picture, that forms the Frontispiece 
to Dr. Mantell's Wonders of Geology, entitled The Ocuntry of the Igwmodon 
Reetaredj one cannot but be reminded of Milton's graphic description of 

" With head uplift above the waves and eyes 
That sparkling blazed, his other parts besides 
Prone on the flood, extended long and large 
Lay floating many a rood, in bulk as huge 
As whom the fables name of monstrous size. 
Titanian, or earth born, that warred on Jove. 
Briareos or Typhon, whom the den 
By ancient Tarsus held, or that sea beast 
Leviathan, which God of all his works ^ 

Created hugest that swim the ocean stream. 

Faradue Loet^ Book 1, line 199. 



Deicr. Tliii uumal hftd tb« hetd aoA neck of s bird, th« moutk 
of ft reptile, the wiogs of & Ht, and the body and tail of & mun- 
lai&r. Its teeth, u well u other puts of its atraotore, show that 
it oonld not haTe been a bird; and its osteolo|^eal obaraoters 
separate it from the tribe of bats. But in man^ respects it had 
the ohuacterB of a reptile. The outer toe of its fore feet was 
enormonsly elongated, to famish support, it is probable, for a 
membranous wing. B; this means these animals were doubtless 
able to fly like the bat; while the fingers wiUi claws projecting 
from tlieir wings enabled them to creep or climb. When their 
wings were folded, thej could probably inlk on two feet ; and it is 
most likely, also, they oould swim. Their eyes were enormously 
Urge: so that tliey could seek their prey in the nuht They 
probably fed on iuseots ohiefly ; though perhaps, also, they had the 
power of diving for fish. Fourteen roeoies, from the size of a snipe 
to that of a cormorant, have been £iand in the oolite and lias in 
England, and on the eontinent of Europe at Solenhofen. Fig. 
123 shows several of these animals restored. 
Kg. 111. 



Pterodactyla. 

Rtm. "Thni," uji Dr. BaekUod, "lika Hilton'* flend, all tjnalified for al 
MTvieca, sod all «lem«at«, the pterodac^Ie wu a Gt oompamoa for (h* klif 
dred reptilM that ■warmad in tlia «ess, or crawled oa l}ia ahorM of a turbn* 
lont nlwbfiL 

"TheKend, 

gh, deiue, OF rare, 
a bU way, 

araSU Lot, Book S, line 947. 
* With flo«ka of ench-Iibe oreatnna flying in tbe air, and itioali of no Ie« 
mooitroD* ictithyoiaim and pleaioaauri nrarming in ui« ooean, and rigaotie 
oroeodilM and tortouM crawling on tbs ahorei of the primeyal lakea and 
riTOTi; air, boo, and land matt bave been atrangely tenanted in theae early 
peiioda of oar inbnt world." Sndg*ual4r IVei^tt, vdi. 1, p. ES4. 



Crocodiles and Ibrtoues. 

Deter. Of twelve apeoiea of the orooodile famQy now UvioA 
three are oUigatorB, eight true orooodiles, with & ^orl and brou 
snout, and one, the gavial, with a long and narrow beak, adapted 
for fbeding od fish. Of the 21 fossil species, all those in the 
secoadary rocks approach in structure to the ffavial; probably 
because few other uiimals then existed hut fish on which they 
could feed. These gavial sauriaua are called teUoiauri and ateneo- 
soMTt. Of the former, one has been found 18 feet long, with 140 
teeth. The fossil erooodilea with abort snouta, differ so Uttls from 
existing speoies, as to need no description. 

Descr. Tortoises, both marine, fresh water, and terrestrial, have 
been found fossil in all the formations aboTe the ooal fbrmation. 
One of these in the mnsohelkalk, a sea turtie, was 8 feet long; 
another in India was 20 feet across. AnUed^s Geology, toL 2, 
p. 99. 

Descr. The tracks of a Chelonlan (probably) were fotmd in 1850 
ou the old red sandstone of Scotland aimilar to those found in the 
same country in 1828 in new red sandstone. But these will ba 
referred to again in another part of this work. 

BatrachiaTis. 

Dexr. In 1851 Mr. Patrick DufF disoovered the skeleton of % 
reptile, probably a Batrachian, in the old red sandstone of Blgm, 
in Sootlaud, whiob has betfn figured and desoribed by Br. MantelL 
(Quarterly JouimaZ of Geological Society, May 1852, p. 97.) Ha 
c^ls it THerpeton Eiginen^ Aa it is the oldest vertebrate air 
breathing animal found in the rocks, we give the sketch bebw of 
the uatiu«l size. 

Rg. 121. 



From tht Old Btd Bandttont, 



Doer. Hr. Lea hu described tracks on what he oalla the old 
red Bandstone of Pennsjlvania, and Dr. King oa a lower member 
of the Carboniferous series, which appear to me to be manifestly 
those of Batraohians, altfaoogh others regard them as of ganrian 
origin. I have also desoribed the traoka of not lest than six 
species of animals in the new red sandstone of Conneotiout valley, 
which I have referred to Satrachi&ns. Two of these were bipeds, 
and one of them had feet 20 inches long. It quite staggerB onr 
fiaith ia ta.j that biped Batraohians (frogs,) of saoh gigantic sise 
once trod the shores of this onoient estuarr. But these tracks 
oome nearer in form to those of that &milj than to any otliM 
race. 

Deter. When we rise to the tertiary strata the remains of this 
tribe become numerous, arooanting to more than 50 ; and they 
greatly resemble existing frogs, as the figure below, (Fig. 125) 
taken from a speeimen dug out of the paper coal near Bonn, ana 
deposited ia Prof. Ooldfosa' fine oabinet in that city, will ihow. 
Fig. 125, 



Jtana Diluviana, 

Inf. Upon the whole, we mnst regard the Batraohians aa per- 
haps the oldest of the vertebrate air-breathing animals that were 

S>laced apoa the globe. Yet being amphibious, they m^ht have 
ived in a state of things quite unfit for mammalia, — much less for 



Descr. In aDuvinm 101 species of birds hare been found; in 
the tertiary 41 species ; and two in the chalk. Below this forma- 
tion no certain examples of their bones have been found. Bat of 
the 50 species of animals, brought to light from their tracks aa 
having lived during the Triasaio period in the valley of Connecti- 
cut river, 23 wwe most probably birds; 8 of which i^pear to have 
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been Strutbiouidae. (See TVansactions rf tie Amer. Acad, of 
Arts and Sciences, toL 3.) 

Descr. Probably tbe moat remarkable dboOTer; in paleontoloCT 
during the present centnry, was that of the bones of the Dioomu 
in New Zealand, bj EngliBh miesionarieB. From a fragment of a 
femur, to be seen in the Hunterian Museum in London, Prof. Owen 
conetracted the whole bird, and the correctness of his inferences 
was prOTed by the subsequent discovery of a great amount of bones. 
From these Fro£ Owen has described not less than eleven species, 
all probably now extinct, which he has divided into three genera; 
the Dinorms, seven species ; the Palapterjr, two species ; and tlie 
Aptomis, two species. The^ varied la size from that of the great 
bnstard, three or four feet high, to that of a bird t^ feet high, vix. 
the Diuomis giganteus. These birds appear to have been apter- 
ous, or wingless, and are called Sf oa, by the natives. Zoologicai 
Trans., vol. 35, p. 235, and most of the Scientifio Journals for 
several years past. 

Descr. It appears that other brevipennate birds, at least three 
ecies, technically called Didina, existed about 200 years ago in 
ls islands of Mauritius, Bourbon, and Rodriguez, in tbe Indian 
ocean. The most remarkable, the Dodo, existed in Mauritius: 
being large enough to weigh about 50 pounds, and of peouliar as- 
pect : as may be seen below, Fig. 126. One or two heads and feei 
of this bird are sU that are preserved in the cabinets. 

rig. 126. 



wpet 



Doer. Tha SoUtain {Pttohapi toUtaniu Sir.) tired in Rodd 
goei, Koi ifl ^own below, Fig. 127. See"tfu Siido and its km- 
mnd," a tplendid leork by Strickland and Mslvilk, London, 1 848. 



Pttehapt Solitariitt. Thi Solitaire. 
Deicr. In 1S50 the bones and eggs of an extmct bird, still 
larger dian the Dinornia, were foondb; a, French obtain in the 
island of Madagascar, and hare been described by M. St Hilaire. 
This extinct bird, ooUed the .^^nmnU maximiis, most have been 
&t least 12 feet hi^h. Its e^ was eqnal to 148 hen'a eggs, and 
50,000 hamming birda' eggs ; it was IS^^inches in its largest diame- 
ter, and 33^ inches in circumference. Gaats of the bones and eggs 
of this bird are in possession of Dr. John C. Warren of Boston, as 
a part of his magnificent collection of fossils : also a cast of the 
same egg, and the real bones of the lower leg and foot of PaUp- 
teiTx iogens in the Calnnet of Amherst College. 



MAKIffAm. m 



MAMyAIjfA, 



Descr. The lowest mammiferoiu animal found fossil is the Miero- 
lestes antiquus in the Trias of Wurtemborgh; bat it is not 
settled what sort of a mammifer it was. The next lowest animal 
of this class were 2 marsapials Tlike the kangaroo) found by Br. 
Bnokland in the oolite of England. Bronn mentions only two 
others, till we reaoii the tertiary, where his list contains 392, and 
the alluvimn has famished 358. 

Ikscr, Amon^ these fossil animals, are many of existing senera, 
and so nearly related to existing species, that a particular aescrip- 
tion will be unnecessary. Such are the fossil species of the rhino- 
ceros, hippopotamus, hog, cat, glutton, horse, ox, deer, bear, hyena, 
weasel, hare, rabbit, rat, mouse, &c. In general, howerer, the 
fossil species are of a larger mze than those now living ; indicating 
a warmer climate when ^ey were upon the globe. 

Descr, The marine fossil mammidia, such as the whale, the dol- 
phin, the seal, the walrus, and lamantin, occur as we should ex- 
pect, in tertiary strata deposited in the ocean ; and some of the 
terrestrial mammalia are found mixed with marine animals in salt- 
water formations ; haying been drifted into the ocean by riyers^ 
Other terrestrial mammafia are found in fresh-water formations, 
deposited at the bottom of lakes and ponds during the tertiary 
epoch. Others occur in cayems and ficeures, which existed in the 
dry land during the same period ; and finally, similar remains are 
found dispersed through ^the drift, which is spread oyer forma- 
tions of eyery age. 

Deter. At the meeting of the Association of Amerioan Geologists in 1841, 
I>r. Harlan stated that the continuous yertel»*i» of a cetaceous animal had 
been found in Alabama, as mudli as 100 feet lonar. Subsequently thb animal 
was named Zemglodon cetaukt by Prof. Owen, who describes it ** as one of the 
most extraordinary of mammalia which the rerolutions of the globe have 
blotted out of the number of existing beings." 

Ikscr, The annexed sketch of this animal, Fiff* 128, is cojpied in 
a reduced form, from one given by Dr. Koch, in Haimnger's 
Na^urwisseruchaftiiche Abhandlungen for December 1851. The 
original exhibits 120 vertebrsB, whose number is necessarily re- 
duced in the present drawing. The skeleton from which this 
sketch is taken, is put up in Berlin, divested of those supposititious 
vertebrae with which it was encumbered when on exhibition in this 
country. 

Descr. The history of bone caverns and fissures, as described by 
Dr. Buckland in his splendid work entitled RdiqtuB DUuviana^ 
deserves a more extenaed notice than can here be given. From a 
careftil examination of these osseous caverns, by Dr. Buckland, it 



BONZ CAVBUra AND FISSOBBS. 
Pig. 118. 

^>ear« that some of them, u th&t of 
Eirkdale, Kent's Hole, &o., in Eng- 
land, were the Tesidence of hyenae, for 
a long time previone to the hisbario 
period; and that theee aaimala dragged 
in thither great quantities of bones of 
other animals on which thej fed. This 
is proved hy the broken and gnawed 
state of the bones, and by the great 
quantity of ooprolitea belonging to the 
hyena fonnd in the caverns. Other 
oaverns appear to have been the abodes 
of bears for a Ions period, as those of 
tJie limeatoQes of central Germany. 
In one of these, t^e oave of Kohlok, 
more thui 500 cubic feet of black ani- 
mal dust, impressively denominated 
the <^tMf t/c^eoilA, were found, resulting 
J from the decomposition of bears ; 

t which most have required at least 2500 
of these animals ! The bones of th« 
g osseous breccia, found in fissures in 
I Someraetahire in England, and on tha 
I northern shores of the Mediterraneao, 
■I belong mostly to animals that fell into 
•g, fiasureathatwere afterwards filled with 
J detritus. RfUqttueIHluviante,fp. 137 
andU8. London, 1823. DeiaBec/i^s 
Manual of Geology, p. 181. 

Descr. Sometimes ossiferous cav- 
erns have been used by man as a place 
of habitation, or more frequently as a 
place of sepulture. And hence his 
bones, as well as fragments of pottery, 
and other relics of a rude people, 
fiometimes are fonnd so mixed with 
the remains of ez^ot aninials, as to 
lead to the inference that they were 
deposited during the same period. In- 
deed, in some of these caverns in the 
south of France, it is still believed by 
some geologists, that the remains of 
men were of contemporaneous deposi- 
tion with those of the extinct mamma- 
lia. The English geologists appear to 
ba decidedly of the opposite opinion. 



BON8 CAVERN IN VERMONT. 109 

JJescr. Osseons breccias have been found in Anstralasia ; con- 
tuning bones of the kangaroo, wombat, dasjrurus, koala, balmatu- 
ms, elephant, hypsiprimnus, &c., most of which are animalB living 
in that conntry. 

Descr. In the United States a few ossiferous caverns have been found, though 
none of them exactly corresponding with the European caverns. Some of 
them appear to have been filled with fragments of rocks and bones which were 
partially cemented by stalagmite, during the alluvial or historical period. An 
example of this kind has been communicated to me by the late Pro£ L. F. 
Clarke, of the college of East Tennessee, in a letter dated Aug. 28d, 1888. 
The cavern is situated in the town of Chittenden, V t, from 2,000 to 3,000 feet 
above Otter Creek, and in limestcme interstratified with mica slate, having aa 
easterly dip of about 65^. The bottom of the cavern has a westerly slope, 
aa shown in fig. 129, whieh is an imperfect sketch from, memory. 



Fig. 129. 




Bone Cavern : Chittenden^ Vermont 

Tlie Toof and sides of the cavern are covered with large stalactites, and th« 
bottom with loose fragments of rocks, in many places to the depth of at least 
five feet The fragments at the surface are mostly cemented together by stalag- 
mite, but rarely at much depth. The bones are scattered among the frag- 
ments, and are much broken, and many of them gnawed by the teeth of some 
small animal. These bones, so far as they have been anatomically examined, 
appear to belong to existing animals ; among which those of the bat were 
very abundant ; and it is supposed that some of them belong to the wolf, ra- 
coon, «fec They appear very fresh, still retaining most of their animal mat- 
ter, much more than the bones from the English caverns. From all the facts 
I infer that this cavern was produced by running water which probably had 
an outlet at A, and that the fragments of stone were thus accumulated, while 
the stalagmite was forming and the bones were being collected, both by car- 
nivorous animals, and by the death of others that might have made this cav- 
ern their habitation, during the alluvial or historical period. 

Early Pachydermata. 

Descr. In the older tertiary strata around the city of Paris, 
Baron Ouvier has brought to light more than forty extinct quadra* 

8 
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THICK-8KINNS0 ANIMALS. 



ped«, many of them allied to the modern pachjdermata, or tfaiek 
skinned animals. Fig. 130 exhibits the form of the Anqplothe' 
rtum gracilej which was of the size and form of the gazelle, living 
like the deer and the antelope. Fig. 133 is the Anoplotheriutn 
commune ; an animal about the size of the wild boar, with the 
means of swimming with facility. Four other species have been 
described. Fig. 131 is the PcUoRotherium magnum, of the size 
of the horse, but more thick and clumsy. Probably it had a trunk. 
Fig. 132 is the PaUjBOtherium minus, of the size of the roebuck. 
Ten other species have been described. 



Fig. 180. 



Fig. 131. 




ISO. Anoplotherium gracUe : 138. Anoplotherium commune : 
• tJierium magnum : 132. P. minus. 



181. PiUao- 



Mammoth ; or, Fossil Elephant. 

Descr, Two species of living elephants are known; the Asiatic, 
or Indian, which extends only to the 31st degree of north lati- 
tude ; and the African, which occurs as far south as the Cape of 
Good Hope. A third species is found in. a fossil state; especially 
in the northern parts of Asia and Europe ; as well as America. 
It is this extinct species that goes by the name of Tnammoth — 
an Arabic word {pehemoth,) signifying elephant. Fig. 134 ex- 
hibits the skeleton of the remarkable specimen found encased in 
frozen mud on the shores of the arctic ocean, in -Siberia, with 
its softer parts preserved, as has been abeady described. This 
skeleton is now deposited in the Museum of Natural History in 
St. Petersburgh. Its length is 16 feet; and its height 9 feet 
Its hair, of which 30 pounds were preserved, consisted of black 
bristles, 15 inches long, mixed with wool of a reddish brown 
color. 



J 



lUUHOTH AND MASTODOlt. 




. Althon^ the mastodon U frequently oalled the rnsnt- 
motli in this country, where t^e remaiDa of the largest apeoies «ce 
abnndant, yet it differs generically from the elephant in the form 
of it« teeth; as may he seen in Figs. 135 and 136, helow. Fig. 
135 ii a aide view of the grinder of the mastodon, and Fig. 136 
ff the flat surface of the mammoth's grinder. 

Fig. 186. Fig. 136. 



Deter. No leas than sevcD spedes of mastodoD have been discov- 
ered in a fossil state ; (thirteen species according to Prof Grant : 
'MuTiMiotis An. Ad. for 1843, p. 110;] viz. three in Eiu-ope, two 
in South America, one in the United States, and one in India. 
The largest species, M. Masimui, has been found in almost ever; 



)72 MASTODON. 

part of the United States; though most abundantly in the scUt 
licks of Kentucky, Ohio, &c. The most easterly point where the 
bones of these animals have been found, is Berlin in Oonnecticut. 
An almost entire skeleton has been put up in the Museum of Mr. 
Peale in Philadelphia, which is 15 feet long, and eleven feet high. 
This was found in Orange County, New York. The most remark- 
able locality in this country is at the Big Bone Lick in Kentucky, 
where a vast number of bones of various extinct animals are im- 
bedded in dark-colored mud and gravel, which appear to have 
been formerly the bottom of a marsL This spot has been exam- 
ined by William Cooper, Esq., with his usual discrimination and 
accuracy; and he is of opinion that the deposit containing the 
bones is to be regarded as drift. He estimates that the bones of 
100 mastodons, 20 elephants, 2 oxen, 2 deer, and 1 megalonyz, 
have already beeir carried from this spot 

Descr. In 1845 the skeleton of a mastodon, almost entire, was 
dug up in New Jersey, with skulls and other bones of four or five 
others. These have been purchased for Harvard College. A more 
^gantic and perfect skeleton was found the same year in Orange 
County, New York, in a peat bog, with marl beneath ; where it 
stood m an erect position, as if the animal lost its life by getting 
mired in search of food. In the place where its stomach and 
intestines lay, was found a large mass of fragments of twigs and 
grass, hardly fossilized at all. The sketch below. Fig. 137, repre.- 
sents this skeleton, which weighed 2,000 pounds, and is perhaps 
the most perfect and gigantic ever found. It is now owned bv 
Dr. John C. Warren of Boston. Am. Quart. Jour, of Agricul, 4" 
Sci,, voL 2, No. 2, July, 1845, p. 203. 



Fig. 137. 




Newburg MiUtodon. 

Inf. This skeleton was found, as indeed most others probably 
have been, in an alluvial formation, and the question whether it 
was antediluvian or postdiluvian is a natural one, but not easily 
answered. Those familiar with tertiary fossils, know that wood 
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and leaves are sometimes preserved almost unchanged, even as low 
down as the Eocene ; so that the apparent freshness of the bones 
and the contents of the stomach, do not settle the question. The 
grand objection to the animab having lived within a few hundred 
years, is the difficulty of conceiving how so enormous a creature 
could have sustained himself through our winters. Yet it ought 
to be recollected, that the Moose,— often nearly as large as a 
horse, — does thus live by browsing in the forests of Maine. It 
would seem, however, more probable, that the Mastodon lived 
when the climate was warmer ; since the allied huge animals do 
live in warmer latitudes. Perhaps the change of climate destroyed 
the Mastodon. 

Rhinoceros^ H^)popotanms, Hyena, HorsBj Ox^ Deer^ Sivathe- 

rium, Monkey y Gamely SfC. « 

JDescr, Most of these animals in their fossil state, differ so little 
from the existing species, that they need not be particularly de- 
scribed in this work They are generally, however, of larger size 
than the living species. The rhinoceros found undecayed in the 
frozen gravel of Siberia, has already been noticed ; and several 
other species of this animal occur in Europe and in India, asso- 
ciated with the bones of the elephant, also with several species of 
hippopotamus, and one or two of oxen, aurochs, and deer. The 
horns of the fossil ox are sometimes very large ; in one example 
31 inches long. So also the famous fossil elk of Ireland, (Cervus 
giganteusy) had horns that measured 10 feet 10 inches between 
their tips. Jameson^s Cuvier's Theory of the Earthy p. 246. The 
most interesting remains of the hyena are those found in caverns. 
(See ReUquue IHluviana.) > The sivatherium is an extinct ani- 
mal recently found in India, in concretionary drift, larger than the 
rhinoceros, furnished with four horns and a proboscis, and forming 
an intermediate link between the ruminantia and pachydermata. 
In the same deposit were found the remains of a gigantic species 
of monkey and of a cameL Another species of monkey has also 
been discovered in tertiary deposits in France : so that the import- 
ant fact seems now well established, that the animals approadiing 
nearest to man in their structure, have been found in a fossil state. 
Wimders of Greology, vol. 1. pp. 138 and 226. 

Giyptodon^ Megathermm, and Mylodon, 

Descr. Sloth and Armadillo. Because the Sloth (BradypuM 
tardigradtis) is not adapted for walking on the ground, some writ- 
ers, and even some naturalists, (Buffon, &o.,) have ridiculed its 
structure, as if it indicated a want of wisdom. But it now appears 
ihat the animal was intended to live continually upon trees ; and 
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that its long fbrelege, with bog and ver; orooked claws, are ad- 
mirably adapted for uiU purpose. The armadillo, as is well known, 
is oovered wiUi a bony armor for defence againat enemies, dost, &c. 
The few liTiog Bpeoies of tliis animal are small and confined chiefly 
to South Amerioa, where they burrow like the woodchnok. 

Bat the aocient annadillo, called the Glyptodon by Prof. Owen, 
was a giant. Ite carapace, which iB preserved in the Museum of the 
Royal Oollegs of Snrgeons in London, resembles a huge cask. 
Below is a sketch of the animal as restored. Fig. 138. 

fig 13S. 



Olyplodoix <!lampei, 

Dtaer. The Hegatheriam is an enormoas extinct uiimal, whioh 
was ouoe abuDdaint in the rast plains or pampas of Uie same oonti- 
nont They have been lately found by Mr. Darwin oyer an ezt«nt 
of 600 miles, accompanied with bones and teeth of five other qnad- 
rupeds, some of them of a similar conBtruction. Dr. Mitdiell and 
Ur. Cooper have also described bones of this animal from the 
island of Skiddaway, on the coast of Georgia. BucklamPs Bridge- 
water Treatue, toL 2, p. 20. Annals (f N. Y. Lyceum, May, 
1 824. It was larger than the rhinoceros, and its proportions were 
per&ctly colossal With a head and neck like those of the sloth, 
tta legs and feet exhibit the character of an armadillo, and the ant- 
cater. Its body was 12 feet long, and 8 feet high. lU forefeet 
were a yud in length, and more than 12 inches wide; terminated 
by gigantic claws. Across its hannches it measared five feet ; and 
its thi^ bone was nearly three times as thick as that of the ele- 
phant. Its spinal marrow most hare been a foot in diameter; 
and its tful, at the part nearest the body, twice as large, or six feet 
in circumference I Its teeth were admirably adapted for cutting 
vegetable substances; and its general structure and strength seem 
intended to fit it for digging in the ground for rtSbts, on which it 
prineipally fed. Fig 139 exhibita the entire skeleton of this mi- 
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m&l, Trhioh exiets in the mogeam at M&orid, in Spun. Suckbtnd'i 
JBridgeiaater Treatise, vol. 1, p. 139. 

Menu I. Dr. Bwlnn has dMcribed the reinaiiu of a IlDge eztioot BDimil, 
allied to the above, from Miasouri, under the name of Oryet«ro(An-ium 
JfiMourienri*; Bud Dr. Heory 0. Pertba has described, ia tJie Boetmi Jour- 
nal of Natural HUtery, anoHier apedes from Oregon Territory, u the Oiyet 
OregoitentU. 

Fig. 1S9. 



MegaiheTiitm. 

Descr. In the saperficial deposits of South America, sereral in 
teresting extinct animalB h&re been fbnnd, belon^g mostlj to tha 
Pachydennata, or thick-skinned, and the Edentata. The Toxodon, 
which had a skull !^8 inches in length, approximates in its strao- 
tnre to several families of animals, vis. the Bodeutia, the Bumin- 
antia, and Cetacea ; although, in fact, a Pachyderm. The Ma- 
cranchenia greatly resembled the llama, and had a neek almost as 
long as that of t£e giraffe, with a body nearly as large as that of 
the rhinoceros. This also was a Pachyderm. The Mylodon, an 
Edentate animal, was of massive and singular proportions. Its 
body was shorter than that of the hippopotamus, bat was termi- 
nated by a pelvis as broad as that of the elephant and deeper, rest- 
ing on two massive but short hind le^, with feet as long as the 
thigh bones. The tail, as long as the legs, and very thick and 
strong, was probably used like that of the kangaroo, to support 
the body when the animal raised np its anterior eitremities. It 
is supposed by Mr. Owen, that the peculiar structure of this ani- 
mal sidapted it, first for digging around trees, and then, testing 
Upon the tripod base of its hind 1^ and tail, it seized the trunk 
with its fore legs, and rooked it to and fro, nntil it was prostrated, 
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and its leaves faroiBhed food for several d&ya, perbiqu. The 
foUowmg sketch will give a good idea of this aninul. Tfig. 140. 



Jfylodon robutiiu, 

Descr. The Soelidotherinm was an analogous animal not larger 
than gome of the existing ant-eaters of South America, bat with 
excessively large hind legs. These animals are all called Mega- 
theroids, becatise they resemble the Megatherinm. 



Descr. This animal was first described by Mr. JefTeison, who 
mistook its characters. It was found in the nitre caverns of Vir- 
dnia and Kentucky, and has since been discovered in other places. 
It was of the sise of the ox, and appears to have been nearly re- 
lated to the sloth. 

Dinotierium. 

Deter. Until recently the mammoth and the mastodon have 
bsen supposed the largest of all the terrestrial mammalia that 
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ever inhabited the earth; but they rnoBt ^ve plaoe to the Dtno- 
theriom described br Cuvier as a gigaatio tapir, but recently by 
Professor Kaup, a distingniahed German naturalist, aaanevgeDDs 
between the tapir and the mastodon; and adapted to that lacos- 
trine oondition of the earth which eeema to have been so common 
during the depoBition of the tertiary strata. Its remains have 
been found in tertiary strata, in the sooth of France, in Anstria, 
Bavaria, and especially in Heese Darmatadt. Its leueth most 
have been aa mnoh aa 1 8 feet. One of ita most remarkable pecu- 
liarities consisted in two enormous tusks, at the anterior extremi^ 
of the lower jaw, which curved downwards, like those of the wal- 
ma. Its general strncture aeems to have been adapted to digging 
in the ground j and for thia porpoae its feet as weU aa tusks, pro- 
jecting a foot or two beyond the jaws wfaioh were four feet long, 
were intended. It lived principally in the water, like the hippopo- 
tamua; and it probably need ita tusks for tearbg up the roots of 
aquatic vegetables, which, as is shown by its teeth, oonatituted its 
food. Dr. Buokland suggests also, that these tuaka might hare 
been nseial as an anchor fastened into the bank of a river, while 
the body of the animal floated in the water and alept They 
might have been naefal also, to aid in dragging the body ost of the 
water and for defence. 
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Tfg. 142 npnMnte the hekd of the sum 
Fig. 141. 



IHn»therium gigandtum Saad. 

JAnoiMob^ ! or, tie Histmy cf Ibtnl Extmarki : {HAnoiogji, 
BudUand.) 

Doer. This singular branch of paheontology has but latelj 
began to attract the attention of geologists ; since it ii only 
within a few years that genuine examples of the tracks of animuf 
in stone have been foand. It is, indeed, and long has been the 
oommou belief, that snch impressions are freqneat ; bat the geolo- 
gist usually finds that they are merely the effects of disintegration 
or aqaeous action, by whioh the softer parts of the rock are more 
worn away than the harder parts. I^he following are all the well 
authenticated examples of fossil foot marks that have beKi dis- 
covered np to the present time. 



qDadrnped on new red sandatoDe in the quarry of Cora Cookie Moir, ia S 
friec-ahiTe, Scotland. Ileae traeb hare beeo fbund there in great abondaiu^ 
cm nuwy MicceiaiTe layers or the utoae, t<i the depth of 4C> feet ; or as low tt 
the quany had been opecied. Tbej occur aleo ic another quarry, 10 ffiilei 
■outnofdom Cockle Huir, where one series of tracks extended from SO to SO 
feel. Dr, Biiekland seems to hare satis factorily shomi that they were made 
by tortoises. Bridgevntter Trealitt, Tol. 1, p. 269. 

Exam. 2. In 1831, Hr. O. P. Sorope found numerous footmarkB of smiU 
animals on the layers of forest marble, north of Batb in Eugtaod. Her 
occur along with ripple msrks, and wera probably madti by cr'"^— " -"""l- 
ing^ong U)B bottom of an estuary. The impression r''"-" '—' 
is sometimes visible between the rows of Traeks, 
ttutUtition o/Londott, ISSl, p. 63S. 

Exam. S. In 18S4, an aeoount wss jiublisbed in Europe of some remark- 
aUe fbssil footmarka on the gret bigam (new red sandstone) at Hessber^ 
DMT Hildberghaoaen in Saxony. Aeooanta of these impr«wons bava bMB 
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given by Dra. Hbhnbaam and Siclder, P^fesBor l^up, M. link, and Baron 
Humboldt. The largest track appears to have been made by a marsupial 
animal, whose hind foot was 8 inches l(mg. This animal Pro£ Kaup has 
named chirotherium, from the resemblance of its track to a human band. 
Some of the tracks appear to have been made by tortoises ; and M. link, 
who has made out four distinct species from these tracks, sug^ts that s<Hne 
of them may have been made by gigantic batrachians, (frogs, salamanders, 
&c) Auckland's Bridgewater Treati&e, yoL 1, p. 263, and yoL 2, p. 86. W<ynr 
ders of Geology , yoL 2, p. 423. Am. Journal of Science, yoL xxx., p. 191. 
Fig. 143 shows a few tracks of the chirotherium on a slab of sandstone from 
Hessberg. (See apecimens in the Cabinet at Amherst College.) 

Fig. 148. 






Item. Mr. Owen has suggested that the tracks referred to the chirothe- 
rium, were made by a gigantic batrachian, or froff, whose hind feet were 
much larger than his fore feet * He has giyen a sketm of the animal restored^ 
(the bones of the head only haye been discoyered,) and of the maiKier iu 
whicb the tracks might haye been produced. Fig. 144 is a copy. 

Fig. 144. 




Lahyrinthodon paehygnaihus : Owen. 



JBem. It seems dear to me that an animal like the aboye sketch could not 
haye made such tracks as those which I haye seen of the chirotherium. For 
the former must haye left two rows of tracks ; whereas those of the latter, 
in aU specimens or drawings which I haye seen, are in one row. Such Irada 
are made by rather long-legged quadrupeds, like the cat or dog« but neyer, I 
apprdiend, hj^ any living batrachian. Hence I haye been indined to refer 
the diirotherium to a marsupial animal But I cannot here enter into de- 
tails. 

Deter, 4 In 1885, a few yery distinct tracks resembling those of bhrds, 
were discoyered in the red sandstone of the Connecticut yaUey, at Montague 
in Massadiusetts. Subsequent examination discovered similar impresdona 
at 49eyeral quarries in the same valley and State ; and an account of seyen spe- 
des was given in the American Journal of Sdence for January, 1886, under 
the name of Omithiehnites, or stony bird tracks. Some of them are yery 
amall, the toes not bdng more than half an inch long ; and the length of the 
step not more than 8 or 4 inches : while others are of enormous dxe : tb# 
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foot being 1*7 iiicbes long, iiMdudiiig a daw of 2 inohes ; and the length of the 
step from 4 to 6 feet, tn another species, if we iodude a singular impression 
behind the toes, that appears to hare been made by a large heel, the whole 
length of the track is 2 leet, and of the step, 6 feet 

Dettr. Since 1886 great progress has been made in the knowledge of fos- 
sil footmarks. In 1888 and 1840, tracks of chirotheria, tortoises, and saurian 
reptiles, to the amount of 6 or 7 species, were found in the new red sandstone 
near liverpool; also in that city, and near Tarpoly. In 1839, Dr. O. Ward 
described tracks from Grinshill Hill, Shropshire, which had three toes, with 
daws, directed forward, and one behind ; which Prof Owen supposes were 
made bjr a singular reptile called the Rhynchosaurus, whose bones were found 
in the same quarries. In 1842, Mr. Hawkshaw found tracks of chirotheria 
and crustaceans, with others resembling those of birds, at Lyme, in Cheshire. 
Bep&rts €f Brit Aswe, for 1840, p. 99 ; for 1889, p. 75 ; and for 1842, p. 67. 
In 1839 Dr. Ootta desbribed some tracks in new rea sandstone in Saxony, that 
are two toed, or rather like a horse shoe : and 11. Fddman has described 
others near Jena, that are tridigitate, or three toed, and disposed paralld to 
one another. Geoloaitt far Jan, 1846, p. 18. In 1841 Dr. Buckland de- 
scribed the tradks of deer and large oxen upon mud, beneath a bed of peat, 
VOL Pembrokeshire, whidi must have been made centuries ago, and which show 
how tracks may be preserved on mud unconsolidated for a period indefinitely 
long. BttcklancTs An. Add. before Zond, GeoL Soc. 1840, p. 44. The same 
gentleman, in 1848, gave an account of certain **Iehthycpoaolite9f or petrified 
trackways of ambulatory fishes upon sandstone of the ooiQ formation'' m Flint- 
diire, England. PhiL Mag. March, 1844, p. 280. About the same period, 
Mr. Logan and Mr. Dawson found tracks, som^ with three and some with five 
toes, amdogous to those of birds and reptiles, in the lower carboniferous series 
in Kova Scotia. LyelVe Tra/oels in N. America, toL 2, p. 178. At a session 
of the Geological Sodety of France, Nov. 1848, M. Degenharett announced 
the existence of impressions of the feet of great Urds, in a red sandstone 5,000 
feet above the ocean, in a hill called Ouchilla de las pesunnas dd yenado, 
fhterally, (he hill of decree tracks,) in Colombia, S. America. Bulletin of the 
Society, p. 18. In 1846 Bfr. Cunningham detected the tracks of what he con- 
siders small GralUs, in the Storeton quarries, near Liverpool. Jour. Oeol, 
8oc., yol. 2, p. 410. In 1844 Dr. Alfred T. Ein^ discovered in the lower part 
of the carboniferous series of western Pennsylvania, 8^ feet below the top 
of the coal formation, the tracks, probably, of a hxge Batrachian. Amer. 
Jowr, of ScL, April, 1845, p. 848. See epecimen in Amheret College. In 
1849, Mr. Isaac Lea dlBcovered foot-prints, probably of a saurian or batra- 
duan reptile {Sauropue prinwoue), in what he regards as the upper part 
of the Old Red Sandstone. Traneae. Amer. PhUoeoph. Society^ yoL z. 
Tracks of a Chelonian were discovered in 1860, in the old red sandstone of 
Scotland. ZyelFs Elements of Oeol., p. 9. 

Deser. In yoL 2 of his Report on the Paleontology of New York, (1852,) 
Prof Hall has described, witn drawings, trails, and tracks of Crustacea, Gkis- 
teropoda, Annelida, and Fishes, on the Clinton Group (Upper Silurian) of 
New York. In the Quarterly Journal of the Geological Society for August, 
1852, W. £. Logan and Prof Owen have given an account of the tracks of 
Crustaceans on the Potsdam Sandstone of Canada, the lowest of the fossilif- 
erous rocks, with numerous plates. They haye applied the name Prototich- 
nites to these impressions, of which they have described at least seven spe 
eies. 

Doer. Since the author of this work first published an 
c^omit of the Omithichnites in 1836, numerous other facta 
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have been discovered in relation to the footmarks along Conneo- 
tieat river. He is now acquainted with more than 50 species 
which he supposes were made by as many species of animals. 
In his Report on the Geology of Massachusetts, in 1841, he 
figured and described 27 species, which he divided into Ornithoi- 
dichnites, or tracks resembling those of birds; and Sauroi- 
dichniteSy or tracks resembling those of Saurians. Nine species 
more have since been described in the Transactions of the 
Association of American Geologists, and in the American Jour- 
nal of Science. Several species have more recently been dis- 
covered; and, on a careful revision of the whole subject, 
established. In 1849 I gave a detailed description of all tibese 
tracks, or rather of the animals that made them, with outline 
sketches of their feet, in the Transactions of the American 
Academy of Arts and Sciences. Since that time I have discov- 
ered several small new species of an anomalous character. 

Deser. Regarding the minies OrDithichnites, O^thoidichnite, <fcc., as pro- 
visioDal merely, I now p^pose names for the animals that made the tracks, 
instead of the tracks. Tor since we are certain of their existence, and that 
they have never been described, why should they not be named like other 
extinct animals ? This has been done in Europe in respect to the Chirathe- 
rivm, by Pro£ Kaup ; and in respect to the Tedudo Duncanif by Prof Owen ; 
who had no other evidence of the existence of such animals except their 
tracks. 

Deter. I have divided these animals into as many groups, or families, as 
seemed to be indicated by their tracks ; and have sometimes added the known 
living families to which they probably belong ; nut, however, with any great 
confidence. 

Fifty-two species of animals appear to be thus defined and estab- 
lished. Of these, 13 were certainly quadrupeds, 8 thick-toed tri- 
dactylous birds, 15 probably narrow- toed birds, 2 perhaps bipedal 
batrachians, 9 either birds, lizards, or batrachians, 2 molluscs, or 
annelids, and 3 of a doubtful character. Of the quadrupeds, 6 
were probably batrachians, or perhaps marsupials ; 5 lizards, and 
2 chelonians. Fifty of these species occur in the valley of the ' 
Connecticut, and 2 in Pennsylvania. 

Rem, What an astonishing menagerie of sandstone clays is thus raised as it 
were from the sleep of ages 1 With a few eminent exceptions, (Silliman. 
Buckland, <bc.) what I first published on this subject was received with alrr >ut 
universal scepticism among scientific jnen. But after a seven years' struggle, 
I believe doubts with that class are now nearly all gone, and these strange, 
and some of them most gigantic beings, are admitted upon tlie register of by- 
gone existence. 

Ncmui €f the Animali that made the Fossil Footmarks found in the United 

States, 

Group 1. (Struthionidcef) 1 Brontozoum, (fipovrtif and (aov) 1 eiganteum, 
Fig. 145, 2 Sillimanium, 8 expansum, 4 gracillimum, 5 parallelam. Su*- 
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Branltacmn gigantewH. 
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GsoDP 2. 8 Palmncpui Bananus: 4 Otoeoum Moodii: from an cnonnong 
traek with 4 thick toes, diBtinotly jointed ; the whole 20 inehes long; (!) diBeor- 
ered (Jan. 184'7) in South Hadley, Mass^ by P. Moody, Esq., who more than 40 
▼ears ago, dug up the first fossil footmark erer noticed in this yalley. Fig. 147. 



Fig. 14T. 




Otozoum Moodii, 
Okodf 8. 5 SUropHmum^ (creooirtfc and ^diov) 1 ingens, 2 elegans, Fig. 148» 

Fig. 148. 




Mt§rop€Moym tliffom. 
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t ei^gSDtio? : 6 Argwtmtmt {opyfK **^ Cc'ov) 1 Redfieldianmn, 2 robnatmn, t 
dttpftri-digitatimi, 4 pari-digitatum, 6 minimnm ; 7 Platyptema^ {vKarvi and 
HTCfwa) 1 Deanianus, 2 toiuis ; 8 delicatuliu. 

Obodp4 8 OmithopuM^ (opvic and irttc) 1 Adamwanns, 2 gallinaoeouB, Z 
gradiior, Fig. 149, 4 loripes. 



Fig. 149 




Omithoptis ffraeUior, 



OmoDP 5. 9 PoUmorehus, (poXeftapxoc) 1 gig&B, Fi^. 150, 10 Pleetrcput^ 

iir A^crpov and vttf) 1 minitanB, 2 longipea, 8 tenol-digitatiu ; 1 1 IViaenopHt, 
rpuuva and mif) I Baileyanos, 2 EimnoDsiaiiafl. 



Fig. 100. 




PolemoTchui gigoi 



Oaoop 0. 12 7^popu9, (rviroc and ?r«f) 1 aboormia. Fig. 1»1. 
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lig. 161. 




TkfpopuB abnormu, 

Gboup 1. (Quadrupedal,) (Laoertiliat or Ohelonia?) 18 Anamapus, (avo- 
uoioc and irac) 1 ScambuB, Fig. 152, 2 Barrattii ; 14 Harj^edactylui^ {dpntf and 
doKTvXoc) 1 tenuissimns, 2 oonoameratua. Fig. 163. 



Fig. 152. 



Fig. 168- 




Anomoepua teambus. 



HarpedaetyltLs eotieamerattu. 



Oboup 8. (Ohelonia t) 15 AncyropitSf ( ayxvpa and nn^) 1 heteroclitus ; 16 
Eeleura, (eXxa and spa) 1 litoralis. 

Geoup 9. (Marsupialia !) 1*7 Anisopos, (aviaoc and irei) 1 Dewejanns, 2 
gracilis; 18 Macroptemat {fiaKpog aaa irrepva) 1 Rhynchosauroidens, 2 dira* 
rieao& Fig. 154. 

Fig. 154. 




Maercptema cUvaricanE, 
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Oboot 10. (Batrafihial) 19 Thmaropus, EjDg, {Bevap and irvf) 1 hetero- 
dactylna, in Fennsylyania, 20 Sauropus, I prisueynfl^ Lee, in Pennsyl* 
▼ftnia. 

Oroup 11. (Annelata, Ofoen, Annelida,) 21 HerpysUzoum, {eprcvarfff and 
i^QCv) 1 Marahii, 2 minutom. 

Grcdp 12. (Obeoure) 22 Sarpagoput, {cipirayij and irtic) 1 gigantens, 2 Hnd- 
Bonius, 8 dubiua. 

JDeMcr. The following aketch. Fig. 155, will give a yery good idea of a 
few yarietiea of tracks in the Connecticut yalley, and Uie manner in 
which thej ooeor together. It is copied from a slab in the cabinet of A.m- 
herst Oollege, obtained at Turner's Falls. It eidiibits four rows of a biped, 
or bird ; one row of a quadruped, whose hind foot was the largest, and two 
rows of what is supposed to oe Uie track and the trail of a tortoise. Tho 
whole slab is coyerea also with rain drops, which fell after the tortoise had 
passed oyer the mud, but before the passage of the other animals. It will 
oe seen that the joints of the toes are distinctly manifest in the bird traeki. 



Pig. 165. 




JPbotmarki in Gill, Jlidsi, 



J)e9cr. Tfie fignire following. Fig. 156, shows another slab from the same 
locality, obtained bj the late Dexter Marsh, of Greenfield. This ezhibite 
seyen rows of the bird tracks, two of unequal-footed quadrupeds, and two of 
a tortoise, llus slab is about seyen feet by four and a half 
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Fig. 166. 




Detr, The next figure, Fig. 157, will oonrey aa idea of the footmarks fotmd 
in the ooal formation of Western Pennsylyania, aa figured bj Dr. A. Tt King. 
The^ were made probably bj a Batraonian, or a Ohelonian, whose feet were 
semipahnate. 

Inf, These footmarks were probaldy made in most eases along the shores 
of an estuary, either beneath the water, or between high and low tide mark. 
That many of them were impressed on dry land, is obvious from the numer- 
ous impressions of rain drops (to be described below) found on the same sur 
fsM. in such cases the returning tide or river floods, brought in silt and 
sand enough to preserve the impressions ; and there they might have been 
kept thousands of ages, uninjured^ before the mud was hardened into stone. 
For the arguments to show that some of these tracks were made by l»rdfl, 
and othen by quadrupeds^ I mnat refiw to my lUpott on iha Qmioff^f of 
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Fig. 161 




Footmark* in Penmjflvania, 

MaaaehuietU, yol. 2, p. 608. TVafu. Amer. Geol. Anoe^ p 264, aocL Amer, 
Jowr, 8cLt eommeneing vtith Jan. 1836. Also, JVant. Amer, Aeademif of 
ArU and Sciences, 1848. 

Mem. 1. It win be seen that I do not adduce as an exainple of foBsil foot- 
marks, the impressions of the human foot, which were found on Umestone on 
the banks of the river Mississippi, in front of the city of St. Louis, in Mis- 
souri, and which have been described by Mr. Schoolcraft in the 6th yolume 
of the American Journal of Science. I omit them because I do not think 
there is sufficient evidence that thej are natural impressions. They occur in 
a blue limestone, containing an abundance of encrinites and other analogous 
remains, and which is probably the carboniferous limestone of Europe. 
Feather etonhaiugK 9 Report^ 1886, p. 28, do. 

Rem, 2. If any are in doubt whether these footmarks are the work of art, 
let him consult a paper by D. D. Owen on the subject in the Am, Jour, Seu^ 
vol. 48, p. 14 ; ana he will be satisfied that they were ezcayated by man, to 
indicate the low water mark of the Mississippi 

Deter, It seems that the aborigines of tnis country were in the habit of 
cuttmg figures on soft rock, representing the feet of tHrds and quadrupeds. 
These, a£er long exposure, sometimes appear so natural that th^ have oeen 
mistaken for real tracks, especially in rennsylyania. But the met that on 
the same rock are sometimes seen representations of arrows, human bodies, 
&Ct having the same appearance as the tracks, (and I am aaanred by gentle- 
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Impreisums o^ Rain Dr<^. 

DescT. In the aame formation of red sandstoiie that contains tha 
footmarks in England, are found most distinct impreaaiona of what 
appear to have Men drops of rain. In the Storeton quarry, where 
are foond the tracka of the ohirotherium, " the under surface of 
two strata at the depth of 32 or 35 feet from the top of the quarry, 

S resents a remarkably bliatered or watery appearance, being 
ensely covered by minute hemispheres of tne same sabstance as 
the sandstone. Tnese projeotiooa are oasts in relief of inden^tiona 
in the upper aurfikce of a thin aubjacent bed of clay, and due in 
Mr. Cunningham's opinion to drops of rain." JLond. and Edin. 
Pkihs. Mag. 1839. Sometimes these impressions are perfect 
hemispheres ; in other cases they are irregular and are elongated 
in a particular direction, as if the drops struck the snr&ce ob- 
liquely; appearing in fact as if a wind had accompanied the rain, 
fig. 158 will convey some idea of these impressions. 

Fig. 168. 



FokU Rain Dropt. 
DescT. Specimens corresponding to the above description ex- 
actly, are very common, and cover large surfaces at Wethersfield, 
in Connooticut; West Springfield, Northampton, South Hadlej, 
and Turner's Falls, in Massachusetts. They are abundant, also, 
in New Jersey; and Mr. Ly ell describes them on the hardened red 
mud of Nova Scotia. Travels in North America, vol. 2, p. 140. 
Furthermore, I have produced precisely the same indontationa 
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n^oa qUj made plastio by i^inkliiig water upon it^ a&d the same 
impressions may be seen at almost every briok kiln. 

Descr. Daring the sommer of 1852, which was warm and dry, 
all the phenomena of tracks and rain drops were reproduced as it 
were before oar eyes, on the layers of fine clay in the banks of 
Connecticut river, in Hadley, Massachasetts. It was a beautiful 
illustration of the whole subject ; and if any one could doubt that 
the markings on red sandstone were tracks and rain drops, they 
could not hesitate to admit the origin of those on clay, preseryed 
in the Cabinet of Amherst College. On these we have the inter- 
esting addition of the human track, which shows the delicate 
striffi of the skin, as the bird tracks by its side exhibit the papillae 
of a bird's foot 

Btm. It LB a most interesting thought, that while millions of men, who 
have striyen hard to transmit some trace of their existence to future genera- 
tions, have sunk into utter obliYion, the simple footsteps of animals, that ex- 
isted thousands, naj, tens of thousands of years ago, uiould remain as fresh 
and distinct as if yesterday impressed ; even though nearly every other vea- 
tige of their existence has yanished : Nay, still more strange is it, that even 
the pattering of a shower at that distant period, should have left marW 
equally distinct, and registered with infidlible certainty the direction of the 
wmdl 

JUnL I have passed over several important inferences derived <^efly from 
palsBontology, because they were not dedudble from any one statement that 
nas been nuiae, and I thought it best to present them in the conclusion of this 
seetion with a smnmary of the proof. 

Inf, 1. The present continents of the globe, (except perhaps 
some hiffh mountains,) have for a long period constituted the bot- 
tom of the ocean, and have been subsequently elevated. 

Proof. 1. Two-thirds at least of these continents are covered 
with rocks, often several thousands feet thick, abounding in marine 
organic remains ; which must have been quietly deposited, along 
with the sand, mud, and calcareous or ferruginous matter, ia which 
they are enveloped, and which could have accumulated but slowly. 
2. The secondary and hypozoic stratified rocks are almost univer- 
sally fractured and raised up at various angles, just as they would 
have been if lifted from the bottom of the ocean by a force acting 
beneath them. 3 Anticlinal ridges are so frequently found with 
a nucleus of unstratified rocks, as to point us to a sufficient cause, 
viz. volcanic agency, for the elevations that appear to have taken 
place. 

Jtenu This inference is to be regarded as probably the most important 
principle in geology, and as established on an immovable foundation. 

Inf, 2. Different continents, and different parts of the same 
oontinent, appear to have been elevated at different epochs. 
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pTocf. Let A, B, Kg. 159 represent a mountain ridge, vlth an 
azis a of nnatr&tified rock. Let the three BTstems of strata, £d, cc, 
and dd, rest upon the uda a, and apon one another, nnoomforma- 
blf, and dip at different angles, ezoept dd, which suppose horizon- 
td. Now it is obvioas that the formations cc, and bb, must have 
been elevated previous to the deposition of dd ; otherwise the 
hitter would have partaken of the upward movement. And if 
there be no regular member of the series of rocks wanting, between 
d, and c, it is obvious that we thus ascertain the geologi^ thou^ 
not the chronological epoch, when cc was elevated, cc, however, 
is unconformable to dd ; and therefore dd was partially elevated 
before the deposition of cc ; in other words, fid has experienced at 
least two vertical movements. Now this is a just representation 
of the actual state of^ things in the earth's crust; and hence b; as- 
certaining thedip of the formationB that are in juxtaposition, we 
ascertain the different epochs of elevation. 

Fig, 169. 



Epoch* of SlevaiUM. 

Fact*. Bt the application of these principles, it is found that 
the mountams of Europe have been elevated at no less than 24 
different epochs ; the oldest of which dates as ixt back as the time 
when the slates of Westmoreland were tilted up ; and the most re 
cent, (Etna and Vesuvius,) is said to be subsequent to the deposi- 
tion of the tertiary strata. 

Dacr. In his Report on the Geology of Massachusetts, the 
author of this work suggested the existence of six sjst^mB of 
mountains, or strata in that 9tate, which he endeavored to extend 
into other parta of the country. The first was called the Oldest 
MeridiaruU Sy^em, running nearly north and south, and embrac- 
ing the central part of New England, inoludmg the White Moun- 
tains. The second was the North-east and Southwest System, 
oorresponding to at least a portion of the Apallaobian chain. The 
third was the East and West System, developed chiefly in the 
eastern part of New England. The fourth was the Hooaac Moun- 
lain System, developed more fully along the western side of the 
Apalladtian chain. The fifth was tbe Nno Red Sandstone Sv»- 
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tem^ embracing the Trap Ranges ; and the sixth was the Narihr 
west and South-east System^ exbibited on a small scale in Bhode 
Island and the adjoining parts of Massachusetts. 

Descr. The distinguished and veteran French geologist, M. Elie 
de Beaumont, may be regarded as the father of this department 
of geology ; although Yon Buch and other geologists had made a 
partial application of the same principle at a previous period. 
But in his Recherches sur quelques-unes JDes RevoltUums de la 
Surfajce du Globe^ in 1830, his Note sur les Systemes de Montag- 
ties les plus anciens de P Europe, in 1847, and especially in his 
great work, Notice sur les Systems de Montagnes, in three vol- 
umes, (pp. 1543,^ in 1852, he has brought together a vast mass of 
facts and reasonmgs on this subject of deep interest In these 
works he endeavors to show, that mountain chains have been 
ridged up by the plication of the earth's crust in a manner here- 
after to DC explained, in the direction of great circles on the sur- 
face. He considers those chains parallel, which lie upon different 
great circles, although those circles cut one another in two opposite 
points. Hence, if we prolong the course of a system of moun- 
tains, or of strata, so as to form a great circle on the globe, we 
shall discover what other mountains were of nearly contemporaneous 
elevation. How far on different sides of such a circle we may re- 
gard the parallel chains as contemporaneous, is not definitely 
settled. But it is clear that some latitude is allowable in this 
respect 

Descr. Another fact here comes in to modify inferences from the 
preceding statements. It is found that along, or near, the same 
line of dislocation and elevation, mountains have been raised up at 
different epochs. 

Inf. Hence coincidence or parallelism of direction does not 
prove systems of strata to be contemporaneous. But we must rely 
on the age of the formations disturbed, to prove the epoch of eleva- 
tion. 

Desa\ Another interesting fact I will give in the words of M. 
Pissis, as quoted by Beaumont " The directions of the chains 
of mountains correspond to the lines which form the limits of con- 
tinents, the great depressions occupied by interior seas, or the prin- 
cipal valleys. These directions may be referred to five systems of 
fracture, contained in zones embraced between two planes parallel 
to a great circle, whose position remains the same for each system ; 
and the five circles form four groups, or centres of intersection, 
firom whence lines start, which give at once the direction of the 
sides and mountain chains of the neighboring countries.'' Along 
these five great circles, it seems there has been sometimes a recur- 
rence of fracture and elevation. 

Descr. Beaumont thinks he can identify in North America, at 
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Ittflt four of the systems of mountains which he has described in 
Europe, by a prolongation hither of the great circles with which 
they coincide in Europe. One is the System ofMorbihan^ which 
is very ancient, and which shows itself in Labrador and Canada, 
and passes north-west of Lake Superior to the Lake of the Woods. 
The second is the System of BaHons^ which embraces a large 
part of the coal fields of New JSngland, Pennsylvania, Virginia, and 
Tennessee, corresponding to my N.-E. and S.-W. System. The 
third is the System of the ThwringerwaM^ which he finds in the 
copper region of Lake Superior, &c. The fourth system is that 
of the Pyrennees^ which was plicated between the cretaceous and 
the tertiary periods. 

Descr, Beaumont regards the Oldest Meridional System de- 
scribed by myself, as not corresponding to any European System, 
and as probably ridged up as early as the period of the Cambrian 
rocks of G-reat Britain. He supposes that its prolongation strikes 
Cape Hatteras, the western part of Cuba, then Panama, and runs 
parallel to the principal chains of New Grenada. To the north 
it traverses Canada, Q-reenland, and Labrador, and thence per- 
haps the central parts of the Altai mountains in Asia. In that 
chain, however, more recent plications have taken place along the 
same line, as indeed they have in New England. 

Descr. According to this writer, the axis of this oldest meri- 
dional system, as thus traced out, is the centre of one of the most 
remarkable mineralogical and metalliferous zones on the globe. 
He instances the minerals of New England, Labrador, and Green- 
land ; the gold deposits of the United States, and the deposits of 
gold, platinum, and copper, of Cuba and Hayti ; and finally, the 
platiniferous and auriferous deposits of western New Grenada ; and 
the auriferous and argentiferous regions of the Altai. He regards 
it as similar to the Uralian Chain. 

Descr. It is supposed by Beaumont that mountain chains have 
been to a great extent suddenly elevated by paroxysmal move- 
ments, not by slow upheaval, and that such sudden emergence of 
large areas has produced those destructions of life on the globe, 
which seem for the most part to have been sudden and general. 

Objections. Sir Charles Lyell has argued strenuously affainst 
these views of the distinguished French savant, {Principles of 
Geology, p. 160, London, 1850.) ' It is impossible to enter upon 
the argument fully here. That the principle may have been 
pushed too far at first by Beaumont, may be admitted, and that 
there is great room for the play of fancy in tracing out contem- 
poraneous mountain chains, especially on distant continents, 
cannot be doubted. But there is too much evidence of uniformity 
and even identity in the manner in which difierent chains have 
been elevated ; too mnch proof of occasioned paroxysmal vertioal 

9 



194 PERIODS OF ELEVATION AND EEPOSK. 

moyements, and of intervening long periods of repose, not to ad- 
mit that law has presided over the phenomena. Whether Beaa« 
mont has sacoeeded in fiillj developing those laws, the careful 
observer may doubt. Bat that he has made great progress in the 
right direction, can hardly be doubted. 

Inf, 3. The convulsive movements by which systems of strata 
were elevated, appear to have been in most instances short com- 
pared with the intervening periods of repose, daring which success- 
ive formations were deposited. 

Froof, 1. The deposits appear generally not to have been dis- 
turbed by any elevating force while in a state of formation, as this 
would have changed the character of the organic remains; De la 
Beckys Theorawal Geology ^ Chap. 12, and the period of deposi- 
tion, must have been in most cases very protracted. 2. Had the 
elevating force been going on slowly during the deposition, the 
lower beds of the formation ought to have a greater dip than the 
upper beds ; which is rarely found to be the case. 3. Paroxysmal 
convulsions are sufficient to account for the appearances in most 
oases of the elevation of the strata. 4. In most cases there is no 
evidence of any long interval between the deposition of two rooks 
whose position is unconformable. 5. Some single local disloca- 
tions are of enormous size, amountingto 3,000 or 4,000 feet ; as in 
the Penine region of the north of England ; and it is difficult to 
oonceive how such &ults could have resulted from a succession of 
minor forces acting through long intervals. 6. The doctrines of 
internal heat, if admitted, furnish a sufficient force to elevate the 
highest mountains by a single effi)rt Fhiilips^ Geology ^ p. 260. 

Mem. The ioterval between the depositioii of cousecutive strata may some- 
timea have been very great, if measured ehronologically ; especially where 
one member or more of the series of rocks is wanting. In such cases the 
principles above explained do not enable us to determme during what part 
of this interval the elevation of the strata took place. I^ is chiefly on this 
ground that Mr. LyeU attempts to overthrow the whole of Beaumont's 
reasonings ^nd conclusions on this subject. But it seems to me that he has 
shown only that it is difficult to fix upon that point in the interval between 
two consecutive rocks, when the convulsive movements took place ; and th^t 
the fundamental principle of Beaumont's theory remains unaffected. And in 
respect to the exact geological time when the elevation occurred, it is, to say 
the least, very probable ^t it took place just at the termination of the 
period during which the elevated rock was in a course of formation ; for such 
a convulsion furnishes, in many instances at least, the only known reason 
why its deposition was brought to a dose. LyelVs Principles of Geoloffy^ voL 
1, p. 804. Other writers have adduced various objections to the views of 
Beaumont ; as Dr. Bone, for instance, in the Journal de Geologie, tome 8, 
p. 838. 

Inf, 4. It is maintained bv Beaumont, that the change? in the zoological 
and botanical characters ox the formations, correspond in general to the 
epochs of elevation ; that is, the period of elevation seems to have been the 
time for the destmotion of one group of orgaoic races and the introduetioo 
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of new tptictes. But thotigh this may be generally, it is not always true. 
No great change, for instance, appears to have taken place in the organio 
characters of rocks below the Permian inclusive. But this may in part be 
explained by the fact that all, or nearly all, the animals before'^that period 
were marine, and consequently might very probably survive the upburst of 
a continent ; since violent agitation of the waters would be the principal 
effect. 

Inf, 5. In many instances the rocks appear to have suffered one 
alternation or more of elevation and subsidence. 

Proof 1. The phenomena of what is called the Dirt Bed^ of the 
oolite formation in the isle of Portland, in G. Britain. {See Fig. 
58,) are perhaps the best example in proof of this proposition that 
occurs. In a bed of black mould, lying between the Portland stone 
beneath, and the Purbeck stone above, (both of them oolitic lime- 
stones,) there exist large prostrate truaks, and erect stumps of cj- 
cadeae, or tropical trees, which must have grown on the spot where 
the stumps now stand. The following conclusions seem to be 
fairly inferrible from the facts detailed: 1. That the limestone 
beneath this dirt bed was deposited at the bottom of the ocean. 
2. That this bottom must have been elevated above the waters 
long enough for the accumulation of the soil and the growth of 
the trees. 3. That the surface was next subme^ed beneath the 
waters of a fresh- water lake ; next beneath an estuary ; and next 
beneath a deep sea, long enough for the deposition of strata 2,000 
feet thick. 4. That these strata have been subsequently elevated 
into their present terrestrial state in England. Buckland^s Bridge- 
toater Treatise, vol. 1, p. 495. 

2. The coal formation may be mentioned as another example in 
point. In these formations there is sometimes an alternation of 
marine and fresh*water remains, and always an alternation of coal 
with shales and sandstones. Hence, some geologists are of opinion 
that the land, where the vegetation grew that formed the coal, 
must have sunk and risen again, every time these alternations oc- 
cur. Others, however, suppose that the coal plants grew on low 
islands of tropical archipelagoes, and were transported into the 
bottom of the ocean, or of estuaries, when they were covered by 
deposits of sand, clay, and limestone, and again by other beds of 
vegetables, until a great thickness of these interstratified lavers 
had accumulated. Fresh-water and marine relics sometimes uter- 
nate in successive strata of the coal measures, because in an estu- 
ary the salt water would occasionally prevail over the fresh water 
from the river which emptied into it. SeeDela Beche^s Mamialy 
p. 444. Also his Theoretical Geology, p. 264. MaccuUock's Sys- 
tem of Gedogy, vol. "2, p. 312. PhiUips^ Geohgy, p. 116. 

3. A third example is the alternating strata of fresh-water and 
marine deposits in the tertiary series. But in this ease, also, it ia 
Tery possible to conceive how these alternations might have been 
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dfeetad by the sacoessive predominanoe of rivers and the sea in aa 
estuary as explained above. Phillip^ Geology^ p. 164. 

RvM, Examples of more recent elevation and subsidenoe will be given In 
Section V IIL : where will aUo be found the various theories proposed for the 
explanation of the phenomena of elevation and subsidence. 

Inf. 6. From the phenomena of organic remains, it appears that 
the species of animals and plants now existing on the globe, could 
not, with a few exceptions, have been contemporaries with those 
found in the rocks. 

Proof 1. If they had been contemporaries, no reason can be given 
why the remains of the living species do not occur in the rocks ; 
which, with the exception of a few hundred species in the more 
recent tertiary strata, is well known to be the case. 2. Compar- 
ative anatomists decide from the structure of the extinct animals 
and plants, that they were intended for a climate and other phys- 
ical circumstances -so different from those now existing, that the 
organic beings adapted to one state, could not have endured the 
other. The period of the tertiary strata is the only exception ; 
and even then, the climate appears to have been in high northern 
latitudes nearly as warm as at present between the tropics, until 
near the close of the period. 

Inf. 7. Hence too we learn the mistake of those who are in the 
habit of pronouncing very confidently that certain organic remaios 
are petrifactions of existing animals and plants. For if they are 
obtained from the secondary rocks, the presumption amounts 
almost to certamty, that they cannot be the representatives of ex- 
isting species. 

Exam. Fossil trees are called oak, maple, hemlock, ira., fibrous tremolite 
and some varieties of mica and talcose slates, are called petrified wood : en- 
orinites are called snakes : coal plants are called rattle-snakes : lavosites and 
certain fossil shells are called butternuts and walnuts : some varieties of an- 
cient polyparia are regarded as the horns of deer, others as petrified pork : 
and even petrified squaws, pappooses, and bufihloes, have been announced as 
existing in the far west. It is often amusing to see with how much ccmfi- 
dence a man ignorant of zoology and botany will pronounce upon these sup- 
posed cases of identicalness. 

Inf. 8. It appears that there have been upon the globe several 
distinct periods of organised existence, in which particular groups 
of animus and plants, exactly adapted to the varying physical con- 
dition of the globe, have been created and have successively passed 
away. 

Proof If we take only those larger groups of animals and 
plants, whose almost entire distinctness from one another has been 
established beyond all doubt, we shall still find at least five nearly 
oomplete organic revolutions on the globe : viz. 1. The existing 
species. 2. Those in the tertiai*y strata. 3. Those in the oreta- 
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oeous and ooUtio systems. 4. Those in the tipper new red sand- 
stone group. 6. Those below the new red sandstone. Oompara- 
tiye anatomy teaches -us that the animals and plants in these dif- 
ferent groups oould not haye lived in the samg physical circum- 
stances. 

Bern, 1. The palasontologicid chart, exhibits seyen dirtiiiot groups. Bat 
eome of these are not entirely independent of one another ; that is, some spe- 
cies are oommon to two groups. Tnis &ot, however, does not militate against 
the general principle of the above inferenoe ; sinee a few speeies may have 
survived the causes by which particular groups were destroyed. Kay, if 
with some geologists we admit that the destruction of old, ana introduoticn 
of new species was gradual, the proposition would still remain true. If 
only the greater part of the species nave been changed several times, it estab- 
lishes the inference. And these have been essentially changed, certainly as 
many as six times, ae shown on the jMdsBOtttologieal chart ; and ^erefore I 
prefer to speak of seven distinct periods of organic life on the globe, rathtf 
than five. But from the next remark, it appears that five ^nUrely dUHnd 
periods can be made out 

JUm, 2. It appears from the following quotation by Dr. Smith, (Scriniure 
and Otology^ p. 514, second Ed.) that Deshayes, an eminent pakBontologist, 
is able to nmke out five distinct periods of organized existence, besides that 
now passing, on the ^lobe. *' M. Deshayes has lately announced that he had 
discovered, in surveying the entire series of fossil animal remains, jlfve great 
gr<n*p9t 'o ecmpletely independent^ that no epeeiet whatever is found in more 
Man one of them. The first of those groups is that to which trilobites give 
the character ; the three succeeding belong to the system of the large sauriansi 
and the fifth includes the ^sterns m which I have pointed out the palieothe- 
ria, the mastodons, and the elephants." I/Omalius J/Sdlhy, Mem, de Oeol. 
p. 187; Paris, 1839. 

O^*. Perhaps the deposits containing these different organic groups, nu^ 
have been gomg on at the same time in different countries, or in mfiforent 
parte of the same country. 

Anetoer. Although all the rocks composing these different systems are not 
found piled upon one another in any one place^ thiey are all found so con- 
nected at different points, as to prove that they were formed successively. 
Tet where any are wanting in the series, as the Wealden, for instance, in 
Korth America, the interval during which these were forming in parUoolar 
localities, may have been occupied by a prolonged deposition of the next older, 
(ff by an earlier commencement of the next newer rock. Most probably, 
however, the same formation was begun and completed in different places 
about the same period : otherwise the climate would have varied so much as 
to produce a marked change in the organic remains. 

Mem. The PcUaontological Chart appended wiU aid in impressing upon 
the mind the origin, expansion, and termination of the or^^ic beinffs toat 
have Uyed on the globe. In order to make it more impressive^ it ought to b% 
more extensive. 

^f. 9. It appears that amidst all the diversities of organic life 
that have existed on the globe, the same general system has always 
prevailed. 

lUus, 1. All the leading forms of organization that now exist 
on the globe, have existed from the beginning : for instance^ all 
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the four great dagses of animals, the Vertebral, Molluflooos, Ar- 
tioolated, and Radiated, and the two great elasses of plants, the 
Vascolares and the Cellukures. The relative number of species, 
however, in these di£ferent classes, has varied very much at differ- 
ent periods. 2. Carnivorous races have always existed to keep 
down the excessive multiplication of the herbivorous races. Thus, 
when the sauroid fishes of the earliest rocks disappeared, their 
place was supplied in the more recent secondary strata, by the vo- 
racious marine saurians; and when these became extinct, sharks 
and other predaceous fishes, more like those now existing, made 
their appearance. So among the molluscs. During the deposition 
of all the secondary rocks, carnivorous cephalopods abounded; 
such as the nautilus, ammonite, &c. ; but in the tertiary strata, 
and in our present seas, these are rare, and their place is taken by 
carnivorous trachelipods, which were not common at an earlier 
dute. BucklaruPs Bridgewater TreaZise^ vol. 1, p. 298. 3. From 
the eyes of trilobites and the orbits of other animals found in the 
rocks, we learn that the same relations of animals to light always 
existed as at present. 

Rem. Ko yertebral animals have been found in the lower Silurian group. 
Hence a late anonymous writer very strenuously maintains the doctrine of 
the creation and gradual deyelopment of animals by law, without any special 
ereating agency on the part of the Deity. Vestiges of the Natural Uutory 
of the VreaHon, and a Sequel to the Same: New York, 1844 and 1846. But 
tine facts in the case show us merely that the different animals and plants 
were introduced at the periods best adapted to their existence, and not that 
they were gradually deyeloped from monads. In the whole records of geol- 
ogy, thtf e is not a single fiict to make such a metamorphosis probable ; but, 
on tiie other hand, a multitude of fiuts to show that the Deity mtroduced the 
different races just at the right time. That he did this according to certain 
laws, though not by their inherent force, — for laws have no such force, — may 
be admittM ; as may be done in respect to all his operations ; but this does 
not prove them any the less special or miraculous. To find as we do, verte- 
bral animals as low down as the upper Silurian strata, is nearly equivalent 
to finding them at the very bottom of the series ; since the upper and lower 
Silurian periods appear to have been but parts of one period It ia also true, 
that almost every year brings to light some fact proving the earlier existence 
of the yertebral animals. The fossil footmarks found in Nova Scotia and 
Pennsylvania, for instance, in the lower part of the carboniferous rocks, dem- 
onstrate the existence of reptiles at that early period. In short, we may 
consider it as proved that all the g^eat classes of animals and plants have 
been represented on the globe so near the commencement of organic life, that 
DO geologist will doubt that it was so from the very beginning. Certainly no 
geologist wiU imagine that his science fm*nishes any evidence of the dev^op- 
ment theory. 

Inf. 10. It does not appear that any of the ancient forms of 
animal or vegetable life can be properly regarded as monstrous ; or, 
when compared with the proper standard, even heteroclitio. 

Proof. When compared with existing races, they sometimes 
seem monsters in size, and anomalies m character. But their 
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great size resulted from a climate better adapted than that now 
apon the globe, for the development of organic life ; and their 
peculiar construction adapted them most admirably for the pecu- 
liar situation which they occupied. So that what seems hetero- 
clitic at this day, was exact and harmonious adaptation then. 

Inf, 11. The whole period occupied in the deposition of the 
fossiliferous rocks must have been immensely long. 

Proof, 1. There must have been time enou^ for water to make 
depositions more than 10 miles in thickness, by materials worn 
from previous rocks, and more or less comminuted. 2. Time 
enough, also, to allow of hundreds of changes in the materials de- 
posited : such changes as now require a long period for the produc- 
tion of one of them. 3. Time enough to allow of the growth and 
dissolution of animals and plants, often of microscopic littleness^ 
sufficient to constitute almost entire mountains by their remains. 
4. Time enough to produce by an extremely slow change of cli- 
mate, the destruction of several nearly entire groups of organio 
beings. For although sudden catastrophes 'may have sometimes 
been the immediate cause of their extinction, there is reason to 
believe that those catastrophes did not usually happen, till such a 
change had taken place in the physical condition of the globe, as 
to render it no longer a comfortable habitation for beings of their 
organization. 5. Time enough for erosions to have taken pi toe 
in the rocks, in an extremely slow manner, by aqueous and atmos- 
pheric agencies, on so vast a scale that the deep cut through which 
Niagara Biver runs, between Niagara Falls and Lake Ontario, ib 
but a moderate example of them. We must judge of the time 
requisite for these deposits by similar operations now in progress; 
and these are in general extremely slow. The lakes of ScotlivUd, 
for instance, do not shoal at the rate of more than 6 inches in a 
century. MaccuUoch^s Geology ^ vol. 1, p. 507. See also a full 
view of the arguments on this subject in Dr, /. Fye Smithes Lec- 
tures ofi Scripture and Geology, p. 394. Second London Edition, 
1840. Also in my Religion of Geology, p. 56. 

Ohj, 1. The rapid manner in which some deposits are formed at the present 
day ; ex. gr. in tne lake of Geneva ; where, within the last 800 years, the 
Rhone has formed a delta two miles long and 600 feet in thickness. LyelV% 
Prin. GeoLf voL 1, p. 423. 

Ans, Such examples are merely exceptions to the general law, that rivers, 
lakes, and the ocean, are filling up with extreme slowness. Hence such cases 
show only that in ancient times, rocks might have been deposited over limited 
areas, in a rapid manner ; but they do not show that such was generally the 
case. 

Obj. 2. Large trunks of trees, from 20 to 60 feet long, have sometimes 
been found in the rocks, penetrating the strata perpendicularly , or obliquely ; 
and standing apparently where they originally grew. Kow we know ihai 
wood cannot resiat decomposition for a great length of time, and therefore, 
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the strata aromid ihme trunks must have aewimQiated very rapidly ; and 
benee the strata generally may have been rapidly formed. 

Ant. Admitting that the strata endosing these trunks were rapidly de- 
posited, it might have been only sueh a case as is deseribed in the first ul^'eo- 
tion. But sometimes these trunks may hare been drifted into a lake or 
pond, where a deep deposit of mud had been slowly aocumulating, which re> 
mained so soft, that the heaviest part of the trunks, that is, their lower ex- 
tremity, sunk to the bottom by tneir grayity, and thus brought the trunka 
into an erect position. Or suppose a ibrest of trees sunk by some oonvulsion. 
In the manner described by Key. Mr. Parker io the Columbia Riyer : (See 
Section, YIIL Exploring Tour beyond the Rocky Mountains, p. 132, Jlnt 
JStit) how rapidly might deposits be accumulated around them, were the 
riyer a turbulent one, proceeding from a mountainous region. 

Obj, 8. The yast aecumulations that have been made of the shields of ani- 
malcula since the commencement of the historic period, show that similar de- 
posits of other animal remains might haye been made of much greater thick- 
ness in ancient times, in a comparatively short period. 

Ant* If it can be shown that the larger animals, found foesiUhaye a power 
of increase that will compare at all with the astonishing multiplication of 
animaloula. the objection will be valid ; but not till then ; and this can never 
be shown. 

Obj, 4. All the causes producing rocks may have operated in ancient times 
witii vastly more intensity than at present. 

Ant, Ims, if admitted, misht explain the mere accumulation of materials 
to form rocks. But it would not account for the vast number of changes 
which took place in their mineral and organic diaracters ; which could have 
taken place, without a miracle, only during vast periods of time. 

Obj. 5. The fossiliferous rocks might luive been created, just as we now 
find them, by the fiat of the Almighty, in a moment of time. 

Ant, Tlie possibility of such an event is admitted : but the probability is 
denied. If we admit that organic remains, from the unchanged elephants and 
rhinoceros of Siberia, to the perfectly petrified trilotates and terebratulie of 
the transition strata, were never living animals, we give up the whole ground- 
work of analogical reasoning ; and the whole of physical science falls to the 
ground. But it is useless formally to reply to an objection which would 
never be advanoed by any man, who had ever examiued even a cabinet col- 
leotion of organic remains. 

Inf. 12. There is reason to suppose that immense numbers of 
the softer species of animals, which have no solid parts, may have 
lived and died, during the deposition of the older fossiliferous 
rocks, without leaving in the rocks a vestige of their existence. 

Proof. Limestone, (that is, the carbonate of lime,) being then 
less common than at a later period, it is probable that animals not 
needing it to form a covering or a skeleton, would have been 
created ; since we find that in all periods living beings had natures 
exactly adapted to their condition. Again, we find many of the 
older secondary limestones highly bituminous ; and the decomposi- 
tion of soft and gelatinous animals would have produced a large 
Amount of bitumen. lie la Bech^s Manual^ p. 476. 

Inf 13. The greater part of the accessible crust of the globe 
may once have constituted portions of the animal frame. 

Proof In respect to limestone, which has been thought to cod- 



'^LABOBATOar OF ^IFS." 901 

slitiite about one-Beventh of the earth's enist, the presimiption in 
favor of its animal origin, seems quite probable : tnat is, animals 
haye the power of separating lime from its other combinations and 
converting it into the carbonate. MaccuUoMs Syst, Greol., vol. 1, 
p. 219. JjyeWs PHn, Greol., vol. 3, p. 401. The reoent dis- 
coveries of Ehrenberg, respecting fossil animalcula, already de- 
tailed, make it probable that a large amount of silica and oxide 
of iron mgLj have thus originated. At a late meeting of the 
British Association for the Advancement of Science, this naturalist 
exhibited ^^ a large glass full of artificial siliceous earth,'' which he 
had prepared from existing infusoria ; and he says that " pounds 
and tons of this earth may be easily prepared." Afn. Jour. Sci.^ 
vol. 35, p. 372. I am not prepared, however, to go so far on this 
subject, as a recent able and elegant writer, who says, that '^ proba- 
bly there is not an atom of the solid materials of the globe, which 
has not passed through the complex and wonderful laboratory of 
life." MantelTs Wond. Geol.y vol. 2, p. 670. 

Inf, 14. It appears that every successive general change, that 
has taken place on the earth's surface, has been an improvement 
of its conation. 

Proof. Animals and plants of a higher organization have been 
multiplied with every change, until at last the earth was prepared 
for the existing races; with man at their head, the most generally 
perfect of all. 



» rt » 



SECTIONS VI. 

OFBRATION OF AQUEOUS AND ATMOSPHERIC AQENCIES IN PRODUOINO 

GEOLOGICAL CHANGES. 

Prin. The basis of nearly all correct reasoning in geology, is the 
analogy between the phenomena of nature in all periods of the 
world's history : in other words, similar effects are supposed to be 
the result of similar causes at all times. 

Illus, and Proof. This principle is founded on a belief in the 
constancy of nature ; or that natural operations are the result of 
only one general system, which is regulated by invariable laws. 
Every other branch of physical science, equally with geologjr, de- 
pends upon this principle ] and if it be given up, all reasoning in 
respect to past natural phenomena, is at end. 

£sm. It doee not follow from this principle that the cames of geological 
ebange have always operated with equal inteoBity, nor with entire uniform* 
ity. How great has been the irregularity of their action, is a iubjeot of d«- 
iMte among geologists. 

9* 
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Jnf. We lee from the preceding principle, how important it If 
to aaceriain the true dynamics of existing causes of geological 
change : that is, the amount of change which thej are now produc- 
ing. For until this is done, we cannot determine whether these 
causes are sufficient to account for all the changes which the earth 
has undergone. 

Rem, Heat, cold, and water in its manifold states, liquid, solid and yapor- 
<ms, so often aot conjointly upon rocks, that their separate agency cannot be 
pointed out But the results of their combined action are numerous. 



Glaciers^ Avalanches, Icebergs, and Landslips. 

Descr, Glaciers are masses of ice which are enclosed in Alpine 
yalleys, or are suspended upon the flanks of the moimtains which 
rise into the regions of eternal frost. Being of a white color, thej 
appear at a distance like vast streams of snow issuing from loftj 
summits, and extending into the lower valleys. In the Alps, 
where the large glaciers have received distinct names, as Bossons, 
Montanvert, Aletsch, Viesch, &c., they terminate sometimes as 
high as 7,000 or 8,000 feet; but some descend to 3,000 feet. They 
are sometimes three miles wide and fifteen miles long ; and their 
thickness at the lower end varies from 80 to 100 feet, and at the 
upper end, from 120 to 180 feet. Etudes sur les Glaciers par 
Agassiz. Neuchatel, 1840. See, also, Frof, James Forbes* Travels 
in the Alps of Savoy, Edinbursh and London, 1843. 

Descr. Glaciers are composed of snow that has been more or 
less melted and again frozen. The lower part becomes pure solid 
ice ; the upper part is composed of a sort of granular snow, called 
in French, neve, and in German, ^m. A new layer is added at 
least each year, so that the mass is stratified. The upper surface 
is rough and sometimes covered by pointed masses of ice, called 
Aiguules or Needles, Fissures across the glacier, 20 or 30, and 
sometimes even 100 feet wide, are very common, produced by the 
unequal temperature of different parts of the mass. The slope of 
glaciers is frequently quite moderate. The lower end of the gla- 
cier of Aar, which is 15 miles long, is 3,000 feet below the upper 
end. The slope of that of Aletsch, is 2^ 58 : that of the mer de 
glace of Chamouni, is 3^ 15. Fig. 162. 

" Descr, The crests and higher parts of the Alps, which are fre- 
quently y^i plateaux, or table land, containing 100, 200, or even 
300 square miles, are covered with thick continuous masses of ice, 
through which the lofty peaks sometimes rise as volcanic moun- 
tains from the ocean. These plateaux are denominated Mers de 
Glace, or seas of ice; and from them the glaciers originate. 
They consist of vast masses of ice, broken usually into huge frag- 
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ments, so as to form rivers, which fill the valleys that de loend 
from the higher and colder regions, even far down into the i egion 
of vegetation, until the heat melts them away. At their sid( s and 
on their backs, they are frequently much covered with blocks of 
every description, down to the finest mud. In the winter th ey are 
mostly stationary; but in the summer their surface sinks many 
feet, and with all their load they move steadily forward dc wn the 
declivity, at a rate varying from one to two feet per day. Be- 
neath them, also, is a stream of water, which issues at the lower 
end, loaded with mud. The waste produced by this liquidation 
and onward movement is supplied from the exhaustless mass of 
snow and ice above. 

Jlluft, To give a more accurate idea of glaciers, I have reduced a few of 
the splendid drawings of the Etudes sur lea OlaeierSy and had them executed 
on wood. They have been so well executed by the artist, as to give almost 
as good an idea of the phenomena of glaciers, as the originals. Yi%, 160 is a 
view of the upper part of the glacier of Viesch, as it proceeds from the dis- 
tant mer de glace^ and winds through the long valley. 

Descr. When the slope down which the glacier descends is very 
steep, or it is crowded to the edge of a precipice, huge masses 
sometimes are broken off by gravity, and tumbling down the moun- 
tain, produce great havoc. In the Alps these are called ava- 
ianckes ; and so large are they sometimes, that from one to five 
villages, with thousands of inhabitants, have been destroyed in a 
moment. 

Descr. Landslips are a somewhat similar occurrence, happening in oonn* 
tries where perpetual frost does not exist. They frequently occur in the 
spring, when the frost leaves the soil, and the great weight of snow and ice 
drags along with it trees, soil, and rocks, down the mountain's side. Some- 
times these slides take place in the summer, after powerful rains ; as that in 
the White Mountains in 1826, by which a family were destroyed Marks of 
ancient slides are visible on the sides of the Hopper on Sadole Momitain in 
Massachusetts. 

Deser. In the American Journal of Science far Jidy^ 1862, p. 18, vol. 14, 
Second Series, I have described an interesting slide on mount Xiafayette, N. 
Hampshire, on a stream, which I have called Moraine Broo'. , which exhibits 
several features of importance to geologists. It gives" to those who have 
never seen a glacier, a very correct idea of the lateral and terminal moraines, 
so common in tlie Alps ; and the phenomena throw light on several questions 
relajting to the theories of drift agency. 

Descr. When avalanches occur on the steep shores of the ocean 
in high latitudes, the mass of ice, loaded perhaps with detritus, is 
precipitated into the sea and constitutes an iceberg. These ice- 
bergs are drifted often to a great distance by oceanic ct rrents. 
Those from the northern ocean are seen as far south as tO^ N. 
latitude. 

Descr. Icebergs are often of great size and wido surface. They 
rise sometimes from 250 to 300 feet above the water fm4 a9 every 
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eubio foot above the surfaoe implies eight cubic feet below it, they 
must descend over 2,000 feet. They have been seen one, two^ 
five, and even thirteen miles long ; and one northern voyager re- 
lates that a party travelled northerly upon one of them for days, 
supposing it either fixed to the shore or covering the land, and 
knew not their mistake, till an observation for latitude showed 
them that the ice was moving southerly as fast as they moved 
northerly. 

Descr, These bergs are sometimes loaded with detritus of boul- 
ders, sand, and gravel. Capt. Scoresby conjectures that some which 
he saw contained from 50,000 to 100,000 tons of such materials. 
On a large berg, observed in 1839, in S. lat 61°, a boulder was 
observed frozen in, 6 feet by 12 in diameter, which had been car- 
ried 1,400 miles, that being the distance to the nearest land. I/y 
dPs Principles of Geology, 8th Edition, p. 229 : London, 1850. 

Descr, As these icebergs are floated away by the water, they 
often get stranded, and in very deep water, from 1,000 to 2,000 
feet sometimes. The effect upon the loose materials at the bot- 
tom, and even on the projecting rocks of such a mass, with stones 
frosen into its bottom, and moving at the rate of several miles an 
hour, when it strikes the surface, must be very great, and such aa 
we shall find has been the result of some agency in high latitudes 
when we come to describe the phenomena of drift. 

Descr, Ice islands sometimes get stranded upon the top of some 
rock that rises in the ocean, and then frozen to it, so that when 
by winds and waves the icy cap is loosened, it tears off more or 
less of the rock beneath, and bearing it away in the direction of 
the current, drops the attached fragments upon the bottom. If 
this operation be ofben repeated, it might produce a train of boul- 
ders on the bottom of the sea. 

Descr, When the sea is rough, an iceberg may be lifted up by 
the waves, and as they retire, be allowed to fall ; so that, if the 
water be shallow, it will come down like a mighty maul, and with 
a force which even solid rock could scarcely resist 

lUus, Fig. 162 shows the lower extremity of the glacier of Aletsch in the 
Alps, where it enters the lake of Aletsch, which it formerly caused to over- 
flow with great devastation. Masses of ice are frequently broken off and 
float about in the lake, as shown in the %ure. This is one of the largest gla- 
ciers in the Alps. 

Descr, As glaciers advance, they break off masses of rock from 
the sides and bottoms of the valleys, and crowd along whatever is 
movable, so as to form large accumulations of detritus in front and 
along their sides. When the glacier melts away, these ridges re- 
main, and are called moraines, Agassiz describes three kinds: 

1. The terminal moraine, or that at the extremitv of the glacier : 

2. Lateral moraines, or those ridges of detritus iormed along the 
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flAoks of the glacier. 3. Medial moraines^ or those longitudinal 
trains of blocks which sometimes accumulate upon the top of the 
glacier, especially where glaciers unite from two valleys, and crowd 
the detritus between them upon their tops. The moraines are 
sometimes 30 or 40 feet high. 

JDescr. At the lower extremity of the glacier, there is a vault 
from which issues, especially in the summer, a stream of water, 
which ramifies upward beneath the ice like rivers in general. 
This stream, continuing from generation to generation, wears out 
a channel in the rocks as it descends fropi the glaoier. 

Illua. Fig. 161 shows the lower extremity of the glacier of Viesch, with a 
distinct terminal moraine, which, at the sides, is connected with lateral mo- 
raines. A stream of water is seen issuing from the glacier, which has worn 
a channel in the rocks. On Fig. 160 are shown both lateral and medial mo- 
raines : the latter considerably scattered 

JDescr, The progress of glaciers down their slope, varies with 
their situation and the temperature and hygrometrio state of the 
season : for they move only in the summer. In a single case the 
advance was 4,400 feet in nine years. Sometimes they advance 
lower and lower for several years in consequence of the low tem- 
perature, and then •they retreat by being melted and evaporated 
when the seasons are warmer. But these changes have no regular 
period, nor are they dependent upon any general changes in the 
temperature of -the globe. As the glaciers advance and retreat 
they produce and leave successive moraines, especially terminal 
ones. 

Item. Water in freezing enlarges about one-ninth of its volume. Turner's 
Chemistry t p. 19. Fifth American Edition. ' 

Descr. Although the inferior surface of the glacier is pure 
smooth ice, yet it is usually thickly set T^ith fragments of rock, 
pebbles, and coarse sand, firmly frozen into it, which make it a 
huge rasp ; and when it moves forward, these projecting masses, 
pressed down by the enormous weight of the glacier, wear down 
and scratch the solid rocks ; or when the materials in the ice are 
very fine, they smooth and even polish the surface beneath. The 
movable materials beneath the ice are crushed and rounded, and 
often worn^into sand or mud. The rocks in place, against which 
the glacier presses, are also smoothed and striated upon their sides. 
These striae, wherever found, are perfectly parallel to one another, 
because the materials producing them are fixed in the bottom of 
the ice. But as the glacier advances and retreats, new sets of 
scratches will be produced, which sometimes cross those previously 
made, at a small angle. 

Ulus. Fig. 163 shows a specimen of schistose serpentine smoothed and 
■cratched beneath a glacier in the Alps. 
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Fig. 163. 



Jioeki triatid by Glaa 



Sockt liriaitd by Qlaeiert. 

Deicr. Whea the ledges beaeath the glaciers are uneven, and 
exhibit many angular projeotiona, the angles are worn off, and the 
(Uf&cea assume that peculiar rounded and undulating appearance 
dentuninated bj SaaHiare, Toches moutonees ; some imperfect ez- 
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amplesof which are shown on Figs. 160 and 161, where a considera- 
ble surface near the lower left hand corner of the drawing, shows 
the effect of former glaciers. 

Descr. Currents of water sometimes conspire with the move- 
ments of the glacier, and form grooves or troughs of considerable 
depth and width on the top of precipitous rocks, to which currents 
of water could have no access were not the space around them 
filled with ice. Such furrows are called, in Switzerland, lapiaZj or 
lapiz, 

Descr, Two theories have been advanced to account for the for- 
ward movement of glaciers. The first explains it by the expansion 
of the water, which is infiltrated among the snow and ice, and 
frozen. This view is ably defended by Agassiz, in his Etudes sur 
les Glaciers. But the objections are very strong. By this hy- 
pothesis the advance of the glacier ought to be the greatest in the 
winter, because the congelation is then most energetic. But in 
fact it scarcely advances at all at that season, while in summer its 
progress is most rapid, and then the congelation scarcely extends 
beneath the surface. Again, expansion would cause the mass to 
swell upward, because there would be the least resistance; but the 
effect lengthwise of the glacier, must be small. 

Descr, The other theory explains the glacier's advance by the 

power of gravity. This is ably defended by Prof. Forbes. In his 

view, " a glacier is an imperfect fluid, or a viscous body, which is 

urged down slopes of a certain inclination by the mutual pressure 

of its parts." It is not an inflexible layer of ice, but in its upper 

part, when penetrated by water, it is more or less plastic, and in 

its other parts, it becomes so by the vast number of fissures by 

which it is divided. When wet at the bottom, this same fluid 

mass, lying on a slope, cannot but be urged forward with great 

power by gravity. When forced to pass a defile, it contracts in 

width, and then expands into a broader stream, as a common river 

would do. The higher and central parts of the glacier move like 

jrivers with the greatest velocity, and the velocity varies with the 

inclination of the bed. Upon the whole, the arguments in support 

of this theory seem decidely to predominate, and it is generally 

adopted. 

Rem. I know not when I have been so struck with the evidence of the ex- 
ertion of prodigious mechanical power, as when examining the lateral and 
terminal moraines of Alpine glaciers, and the evidence of erosion in the soorcd 
and rounded rocks. It seemed to me that neither expansion nor gravity 
would furnish the requisite force. Yet I know not what other power can be 
evoked. 

Former Eoctent of Glaciers. 

Descr. The researches of Venetz, Oharpentier, Agassiz, Ouyot, 
Forbes, and others, have brought to light marks of ancient glaciers 



FORHER EXTENT OF GLACIEES. 911 

io the Alps at a much higher level than those now existing, and 
far in advance of them. The evidence consists of moraines, insidat- 
ed hlocks, and especially of smoothed, striated, and roanded 
rocks in place, produced by a force crowding down the valleys that 
descend from the summits of the Alps. Some able geologists, I 
know, have doubted whether these proofs are to be relied upon. 
But I can hardly imagine how any one accustomed to observe geo- 
logical phenomena, can spend even a fortnight in Switzerland and 
Savoy, as I did, without meeting numerous marks of ancient gla- 
ciers, quite removed from those now existing. With nothing to 
direct me to the localities pointed out by these authors, they arrest- 
ed my attention in many places. On the steep north side of 
Kighi, nearly 5,000 feet above the ocean, lay large boulders evi- 
dently from the Bernese Alps, left there as a lateral moraine of an 
enormous glacier. In passing up the Arve, many miles before 
reaching Ohamouny, huge piles of detritus occur, which must be an 
ancient moraine ; and some six or eight miles below Chamouny, where 
the spurs of the Brevent and the Forclaz crowd upon the path, the 
striated and embossed rocks are common, proving that a glacier 
once occupied the valley of the Arve at this place. Beyond 
Ohamouny, on the north-west side of the valley, near the Chalet 
on Flegere, 3,500 feet above Ohamouny, and even several hun- 
dred feet higher, the smoothed and striated rocks are common; 
the striae pointing down the valley of the Arve, and showing that 
a glacier of the depth of 3,500 feet once existed there. In cross- 
ing from the vale of Ohamouny to Martigny, through the Tete 
Noir, one is struck at the summit of the pass, with the evidence 
on the lofty precipices, that a glacier once descended from Mont 
Blanc through that gorge towards the Bhone ; and below Martig- 
ny, we find evidence all along, ei^ecially beyond St Maurice, of 
the former descent of a glacier towards Lake Leman. I mention 
only these few cases that attracted my attention on these much- 
frequented routes among the Alps. Similar marks have been 
traced across the broad valley of Switzerland, and enormous 
boulders from the high Alps may be seen on the opposite Jura 
Chain, sixty or seventy miles distant, proving beyond reasonable 
doubt the former vast extension of the Alpine glaciers. 

Descr, The theory of Charpentier, Agassiz, and others, is, that 
the great valley of Switzerland was once filled with ice, and the 
blocks were carried by its motion from the Alps to the Jura< Fig. 
165 will show how small must have been the declivity, much less 
than is now sujficient to cause a glacier to move, — none of them 
making much progress where the slope is not over 3° . Hence, 
Sir Cbirles Lyell and Mr. Darwin suppose that when the great 
valley of Switzerland was beneath the ocean, and the Alps' were 
raised above it, and the Jura formed an island, the glaciers, descend- 
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Fiff l«6 ^ ^^^^ *^® former into the ocean, sent off icebergs, 
^^' loaded with blocks, which stranded on the Jura. 1 

J Jura will not decide between these hypotheses in respect 
to this particular case; but that in other places 
around tiie Alps we find evidence of a former wide 
extension of glaciers, I cannot doubt. 

Descr, Similar evidence presents itself in countries 
no longer containing glaciers. I was struck with 
these marks in the mountains of Wales ; though I 
had forgotten that any writers had expressed a con- 
viction of the former presence of glaciers there. For 
I perceived that the sides and bottoms of the valleys 
radiating from Snowdon, the highest mountain of 
England, — ^were smoothed and embossed just like the 
Alpine valleys to a certain elevation, and by a force 
crowding downward through thoife valleys; and I 
can eonoeive no other power but glaciers that can 
produce such effects. 

Descr. Professor Bamsey, eminently qualified to 
discuss this matter, has given us his views of the an- 
cient glaciers of Wales, in the number of the Quar- 
terly Geological Journal for August 1852, (p. 381.) 
He -finds evidence that common drift, which he con- 
siders a marine accumulation, has been deposited in 
Wales to the height of 2,300 feet, since the glacis 
period described in the preceding paragraph. But 
since the ocean has retired, he thinks another period 
of glaciers existed there, whose moraines may still be 
seen. The occurrence of glaciers in Wales was first 
pointed out by Dr. Buckland in 1841. 

Descr. It seems nearly certain that glaciers once 
descended from some of the mountains in the High- 
lands of Scotland. It appeared to me that some of 
the accumulations of detritus in that country that 
have been regarded as moraines, were rather drift 
modified by the subsequent action of water, though 
it might be that they were moraines thus modified. 
But Mr. W- Hopkins {Quarterly GeohgUxdJmrnal^ 
Feb. 1852, p. 20) has made it probable that the 
mountains, feen Cruachen and Ben Nime, formed 
granitic centres of dispersion for glaciers; most 
likely, as in Wales, previous to the deposition of the 
great body of marine drift, which came from the 
north-west. Dr. Buckland considers Schiehallion to 
have been once the seat of glaoiei^s, and Agassis re- 
gards the Ghrampians and Ben Nevis in the same 
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li^t. De la Beckers Geological Observer , p. 273, Philadelpliia, 

1851. 

Descr. Glaciers, it is well known, exist at the present day on 
the Himalaya Mountains in India. ^^ The former extension of the 
glaciers," says Captain Strachey, {Quarterly Geological Journal^ 
Nov. 1851,) far beyond their present limits, is a phenomenon that 
may be noticed almost everywhere in these mountains, and he 
imputes it to a change of climate consequent on the upheaval of 
the great plains of northern India. 

Descr, The traces of former glaciers in the United States have 
long been sought after with great care by geologists ; but hitherto 
with only doubtful success. But I am now able to refer with 
much confidence to some examples of this sort, discovered by me 
in the summer of 1852. It is well known that the range of the 
Green Mountains is continued from Vermont across Massachusetts 
and Connecticut, and that its eastern slope is 20 miles wide, — its 
western side being more precipitous. Across this eastern slope 
several rivers have cut deep valleys, opening into the valley of 
Connecticut river. These streams run nearly east, while the high 
hills through which they pass, show on their summits the striaa 
and other phenomena of the drift agency. The direction of these 
striae is nearly north and south, deflected often towards the east 
from the south, and to the west from the north, a few degrees. 
But on the steep sides of the east and west valleys, is another set 
of striae, running nearly east and west, formed by a force directed 
down the valleys, as is proved by the stoss side of the ledges. 
These could in no possible way have been produced by the drift 
agency; but they are precisely the effect that would be produced 
by glaciers, sliding down the valleys towards Connecticut river 
from the crest of Hoosac Mountains. I have found several quite 
distinct examples : one on Westfield xiy&t in Russell ; another 
near Chester Factories ; another also in Russell, on Westfield 
Little River ; and a fourth in a gorge through Sodom Mountain in 
Granville, and several on Deerfield river. I can hardly doubt that 
either before or since the last immersion of New England beneath 
the ocean, the Green and Hoosac Mountains formed a crest from 
which glaciers descended perhaps both east and west. Yet on the 
west side the valleys are very short, and I have not yet seen any 
evidence of glaciers there. 

Degradation of Rocks and Soil by Frost and Rains, 

Descr. Water acts upon rocks and soils both chemically and 
mechanically: chemically, it dissolves some of the substances 
which they contain, and thus renders the mass loose and porous : 
mechanically, it gets between the particles and forces them 
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asunder ; so that they are more easily worn away when a current 
passes over them. Congelation still more effectually separates tho 
fragments and grains, and thus renders it easy for rains and grav- 
ity to remove them to a lower leveL In a single year the influ- 
ence of these causes may be feeble ; but as they are repeated from 
year to year, they become in fact some of the most powerful agen- 
cies in operation to level the surface of continents. 

Detritus; or, Debris of Ledges. 

Descr. It is chiefly by the action of frost and gravity, that those 
extensive accumulations of angular fragments of rocks are made, 
that often form a taZiiSj or slope, at the foot of naked ledges, and 
even high up their faces. In some cases, though not generally 
this detritus has reached the top of the ledge, and no farther ad£- 
tions are made to the broken spoils, which usually slope at an 
angle not far from 40^. Examples of this detritus are usually 
most striking along the mural faces of trap rocks ; as for instance 
in the valley of Connecticut river in New England. 

Inf, From these facts it appears that the earth cannot have ex- 
isted in its present state an immense period of time : otherwise 
these slopes of debris would in every instance have extended to 
the top of the ledge : that is, the work of degradation would have 
been finished We cannot, indeed, determine from this geological 
chronometer, the chronological epoch when this work of degrada- 
tion commenced ; but we are at least made sure, that the present 
state of the earth had a beginning. 

Bivers. 

Descr. Rivers produce geological changes in four modes: 1. 
By excavating some parts of their beds. 2. By filling up other 
parts. 3. By forming deposits along their banks. 4. By forming 
deposits, called deltas, at £heir mouths. 

Exam. Most of the larger rivers, especially where they flow throagh a 
level country, are filling up their channels; but where smaller streams pass 
through a mountainous region, the power of excavation is still going on ; and 
it is accomplished in a good measure by means of ice freshets. It is impossi- 
ble for one who has not witnessed the breaking up of one of these streams 
in the spring, when for many miles the whole channel becomes literally 
choked with ice, to form an adequate idea of the immense excavating force 
which it exerts. 

Descr. The deposit formed in the lake of Geneva by the waters 
of the Bhone has been already mentioned. Another is formed at 
the mouth of this river, on the shores of the Mediterranean, and is 
said to be mostly solid calcareous and even crystalline rock. Zy* 
dl's Prin, Geol.y vol. 1, p. 433. The delta of the Mississijpi has 
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advanced several leagues since New Orleans was built. The delta 
of the Ganges commences 220 miles from the sea, and has a base 
200 miles long, and the waters of the ocean at its mouth are muddy 
60 miles from the shore. Since the year 1243 the delta of the 
Nile has advanced a mile at Damietta ; and the same at Foah since 
the 15th century. In 2,000 years the gain of the land at the 
mouth of the Po, has been 18 miles, for 100 miles along the coast. 
The delta of the Niger extends into the interior 170 miles, and along 
the coast 300 miles, so as to form an area of 25,000 square miles. 

Descr. An immense alluvial deposit is forming at the mouth of 
the river Amazon and Oronoco ; most of which is swept" northerly 
by the Gulf Stream. The waters of the Amazon are not entirely 
mixed with those of the ocean at the distance of 300 miles from 
the coast. The quantity of sediment annually brought down by 
the Ganges, amounts to 6,368,077,440 tons; or sixty times more 
than the weight of the great pyramid in Egypt. The quantity of 
matter chemically and mechanically suspended in the waters of 
Merrimac river, that run past the city of Lowell in Massachusetts, 
in 1838, according to the very accurate experiments of Dr. Samuel 
L. Dana, amounted to 1,678,343,810 pounds avoirdupois. The 
annual amount of anthracite coal used in the Merrimac Print 
Works in Lowell, is 5,000 tons; and Dr. Dana estimates, that if 
the above amount of sediment were coal, it would supply those 
works 167 years. The quantity of water discharged by the Mer 
rimac in 1 838, was, 219,598,840,800 cubic feet. 

.^. 1. The extensive deposits thus forming daily by rivers, 
need only consolidation to become rocks of the same character as 
the shales, sandstones, and conglomerates of the secondary series. 

Prin, In many instances it can be shown that the present beds 
of rivers were only in a small part produced by their own erosions, 
and that previous agencies in great part prepared the valleys 
through which they run. 

Jlltis. Fig. 167 shows Connecticut River, crossing Massachusetts and Con- 
necticut, and emptying into Long Island Sound. If it had been left at first 
t<^find its own way to the ocean, and the passage between Holyoke and Tom 
(which are in fact but one ridge) had not been formed, it must have passed 
through the valley A, to the sound : since no part of that volley (through 
which the Farmington canal passes) is more than 134 feet above tne present 
bed of the river, where it runs between Holyoke and Tom. Or if the bed of 
the river had not existed through the mountains below Middletown in Con- 
necticut, the river, instead of forming it, would have passed to the Sound 
through the valley B, through which the Hartford and New Haven Jlailroad 
now runs, and no part of which can be more than 20 or 80 feet above the 
present level of the river at Hartford. 

Ikscr. Terraced valleys^ (of one of which a cross section is given 
in Fig. 166, at A,) sometimes exist in alluvial or tertiary regions, 
with the terraces on each side of equal height 
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Rmn, The subject of alliiTial terraoee will be more fully expkaed 
rabtequent part of thia Seotioo. 




Valleyt, 

Other Valleys, 

Descr. The terraced valleys above described are denominated 
valleys of denudcUion, when produced by the denuding force of 
water ; and numerous valleys of other shapes, having been formed 
in the same manner, are thus called. Indeed, scarcely a valley 
exists that has not been more or less modified by this cause. But 
the greater part of the larger valleys that furrow the earth's sur- 
face, had a different origin ; viz. the elevations, fractures, and dis- 
locations which the strata have experienced. 

Proof. The phenomena of longitudinal and traosyerse valleys proTe that 
all of them cannot have been the result of running water. In Fig. 167, which 
is a sketch of the valley of Connecticut river, with a portion of the nK>untain- 
oua region on both sides, it will be seen that the general direction of the 
mountain ridges, and of course of the valleys, is nearly north and south. 
Nevertheless, it will be seen that the tributaries of the Connecticut, Farm- 
ington, Agawam, and Deerfield rivers, and also the Connecticut itself, paaa 
across these ridges and longitudinal valleys, in transverse valleys, whidi must 
be deeper than the others, else the water would flow out laterally into the 
longitudinal valleys. Now, it is obvious that both sets of these valleys could 
not have been excavated by water. For if the longitudinal valleys were thus 
formed, how oould the water afterwards be raised to the requisite level, for 
cutting valleys through the longitudinal ridges f We must, therefore, sap- 
pose that one and often both of these sets of valleys originated in the frac- 
tures and foldings of the strata at the time of their elevation ; and that water 
has obIj rounded their outlines and covered their inequalities with detritus. 

Def. When a valley is produced by the sinking of the strata, 
or which is the same thing, by their elevation along two parallel 
anticlinal lines, it forms what is called a valley of stibsidence ; as B. 
Fig. 166. When by the elevation of the strata they are made to 
separate at their highest point, a valley is produced, called a val- 
ley of elevation ; as C. When a fracture has taken place in the 
strata, so as to leave the sides very steep and the valley narrow, a 
ravine is produced ; as at D. In such a case the lower part of tJie 
figures is usually filled up with detritus. 
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Prin. In some instanoes it is very difficult to decide whether a 
particular gorge or ravine has been excayated by existing streams 
or by earlier agency, or was in part formed by some original dis- 
location of the strata, or by all these causes combined. 

Pfin. In many instances it is obvious what share existing rivers 

have had in excavating their beds, and we are often surprised at 

the magnitude of the work. 

JSxamplei, Out of a multitude of examples illustrating this principle, I 
seleet only a fe\r, for want of room. 

1. The gulf, 7 miles long and 100 feet deep, between Niagara Falls and 
Leike Ontario, has long excited the attention of geologists, and some of them 
have imagined other agencies beside the river to make the erosion. But we 
eee a work now going on there from year to year, which needed only time 
enough to have excavated the whole gorge, and time b an element for which 
a multitude of geological facts make an almost unlimited demand. At Niag- 
ara Falls 670,000 tuns of water are precipitated over the precipice every 
minute. The upper shelf of rock is quite hard, but the layers of strata be- 
neath are worn out by the dripping water, and then the weight causes the 
hard crust to break ofif from time to time in large masses. The rate of retro- 
cession, however, has not been ascertained ; and if it could be, the present 
rate would not bbow what it was when the fall was nearer the lake and the 
rooks were different. 

2. On Oenesee river, in New York, we find very striking evidence of ero- 
sion. Between its mouth and Rochester, seven miles, are three cataracts, 
some milee apart ; and some of these falls have receded farther than others, 
because there are three kinds of rock crossed, which are worn away with 
different degrees of rapidity. South of Rochester we ^ find a gorge worn 14 
miles long, from Mount Monis to Portage, sometimes 360 feet deep, with 
three distinct falls, originating in the same cause as that above mentioned, 
and which proves beyond question that the river has done the work. 

8. On the Potomac, ten miles west of Washington, Great Falls have worn 
out a gorge from 60 to 70 feet deep, and four miles long, in hard mica slate. 

4. Candns (pronounced eamdna). In our south-western States, New Mex- 
ieo, Arkansas, <&c., where for days the traveller finds no trees, and the coun- 
try is nearly level, the rive • s have cut long and deep gulfs into the hori- 
zontal strata. Their existei oe is not suspected till a person finds himself ar- 
rested on the brink of a p ceipice, often hundreds of feet high, at the foot of 
which, and bounded by aii opposite wall, the stream runs. These gulfs are 
called Can6n8, and often ^Uey are so long that for days the traveller can find 
no place to cross, nor to water his animals. They extend also up the tribu- 
taries ; a conclusive proof that the streams themselves and not convulsions 
have produced them. The Grand Canon on the Canadian river, is 250 feet 
deep and 50 miles long. The Canon of Chelly, in New Mexico, has walls 
from 100 to 800 feet lugh, and is 25 miles long. The annexed dcetch of a. 
Cananed Creek^ (Fig. 168,) is copied from Lt. Abert's Report to the GU>veru- 
ment. See also the Reports of Emory, Stansbury, Simpson, Marcy, <&c. The 
latter describes a canon on Red River in Texas, 70 miles long, and froir 600 
to 800 feet deep. 

5. At St Anthony's Falls on the Mississippi, the river has worn backward, 
seven miles, like the Niagara. 

6. On the Missouri, near its source, at a spot called the Gates of the Rooky 
Mountains, is a gorge 6 miles long and 1,200 feet deep. 

7. Were there room to describe similar erosions on the eastern continent, 
I should refer to the Via Mala on the upper part of the Rhine, 1,600 feet 
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deep^ 4 miles long, and only 80 feet wide : to the D^k e! Karca, on tb* 
Danube, 200 yaroB vide and 2,000 feet deep ; to a gulf on Dog river ra 
Mount Lebanon, 70 or 80 feet deep, and six miles long ; to another in Wady 
Barida in the same region, 600 to 800 feet deep ; to a gorge on the rirer Ba- 
▼endooz in Kurdistan, (described in a letter from Rev. Dr. Perkins,) 1,000 
feet deep ; to a passage cut by4he river Zaire in Africa, through mica slate 
and syenite, forty miles long; to a gorge in Aostralia, on Oox river, 800 feet 
high, and 2,200 yards wide ; and t^ a multitude of other examples. 

Descr, In all the cases above described, the erosions were prob- 
ably formed by the rivers since the drift period, or what is more 
definite, since the last emergence of our continents from the ocean. 
But from certain investigations, which I have pursued for several 
years past upon this and kindred subjects, it appears to me not dif- 
ficult to distinguish beds through which rivers flowed on a former 
continent ; but which became so choked up with detritus, while the 
land was below the ocean, that when it emerged, our present rivers 
were forced to find new channels. I am prepared to point out with 
minuteness of detail, many such oases, and hope to do so soon in ft 
paper I am preparing on the Erosions of the EartK^s Surface^ 
'ispedoMy by Rivers, to be presented to the Smithsonian Institu- 
tion. I can here only name a few of such antediluvian river beds, 
referring to that paper (should it ever be published) for the de- 
tails. The strongest evidence on which I rely to prove a golf to 
have been an ante-drift river bed, is the occurrence on its bottom, 
or sides, of pot holes, which are never formed but by a oataraet, 
and consequently cannot be made by the waters of a lake, or of 
the ocean. And the proof that such a gulf was occupied by a 
river on a continent previous to the present, is found in the sand 
and gravel, such as the ocean would deposit, which occupies its 
bed. By these principles I have found distinct examples of these 
ancient river beds in Cavendish, Vt. ; in Orange, New Hampshire, 
through which a railroad passes; in Buckland, Massachusetts; in 
Portland, Connecticut ; on Genesee river at Portage, and near its 
mouth; on Niagara river between the Whirlpool and Ontario, 

&/C. • 

Rem. Other gorges, 'which were beds of rivers on continents of stall earlier 
date, and which have been excavated by several agencies operating at differ- 
ent times, will be described in a subsequent paragraph. 

Bursting of LaJces. 

Descr. A few examples have occurred in which a lake, or a largo 
body of water long confined, has broken through its barrier and 
inundated the adjacent country. An interesting example of this 
kind occurred in the town of Grlover in Vermont, in which two 
lakes, one of them a mile and a half long and three-fourths of a 
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mile wide, and in some places 150 feet deep; and the other, three- 
fourths of a mile long, and half a mile wide, were let out by hu- 
man labor, and being drained in a few minutes, the waters urged 
their way down the channel of Barton river, at least 20 miles, to 
Lake Memphramagog, mostly through a forest, cutting a ravine 
from 20 to 40 rods wide, and from 50 to 60 feet deep ; inundating 
the low lands, and depositing thereon vast quantities of timber. 
American Journal of Science, vol. 11, p. 39. In 1818, the waters 
of the Dranse, in Switzerland, having been long obstructed by ice, 
burst their barrier and produced still greater desolation, because 
the country was more thickly settled than the borders of the lake 
above named. De la Beckys Manual^ p. 56. 

Rem. It has been inppofted, that dhould the fSetlls of Kiagora ertt recede 
to lake Erie, a terrible inuodatioii of the region eastward would be the result : 
but De 1a Beche has proved aatisfaetorily, timt the only effect would be a 
gradual draining of lake Erie, iKth only a slight inersMM of IHagBra river. 
Theoretical Geciogy^ y, IM. 



Agency of the Ocean. 

Descr, The ocean produces geological changes in three modes • 
1. By its waves: 2. By its tides: 3. By its currents. Their 
effect is twofold : 1. To wear away the land : 2. To accumulate 
detritus so as to form new land. 

Descr, The action of waves or breakers upon abrupt coasts, 
composed of rather soft materials, is very powerful in weiuring 
them down, and preparing the detritus to be carried into the ocean 
by tides and currents. During storms, masses of rooks weighing 
from ten to thirty tons, are torn from the ledges, and driven 
several rods inland, even up a surface sloping wi& a oonsiderable 
dip towards the ocean. 

Exam. In the 13th century, a strait half as wide as the channel between 
England and France, was excavated in 100 years in the north part of Hol- 
land ; but its width afterwards did not increase. The English Ohannel also, 
has been supposed to have been formed in a similar manner. In England, 
aeveral villages have entirely disappeared by the encroachments of the sea. 
At Gape May, on the north side of Delaware Bay, the sea has advanced upon 
the land at the rate of about 9 feet in a year ; and at Sullivan's Island, near 
Charleston, S. Carolina, it advanced a ouarter of a mile in three years. But 
perhaps the coast of Nova Scotia and New England, exhibits the most strik- 
mg examples of the powerful wasting agency of the waves, whose force there 
is often tremendous, especially during violent north-east storms. Where the 
coast is rocky, insulated masses of rocks in Scotland, called Drongs, are left 
on the shore, giving a wild and picturesaue effect to the scenery, as in the 
following sketsh, Fig. 169, which was taken upon Jewell's Island in CasoQ 
Bay. 
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Drangt on JeaeiVa lilaad: Caico Say. 

Deter. It is difficult to examine tbe coast of Nova Scotia eod New Eng- 
hnd ; — to witnesB the great amount of aaked battered rcMka. imd to aee har- 
bort and iudentatjoos diiefly vbere the rocks are rather eoft, vhile tbe capei 
ud islands are chiefly of tbe hardest Turietlee, — without being coDrioced 
that moat of the harliora and bays bare beea produced bj this agency. Id 
Boston Harbor, the outer ielanda are composed of naked rock, and briber 
'withia the harbor, tbe outer borders of Hie islands are being swept of their 
loose soiL Here ire see the steady progress of this eacrosehiag process. 

Elg. 110 shows the rocks aod light houses (there is scarcely anything els* 
to be seen) on the island near the extremity of Cape Ann , in Maasachusetll, 
which is peculiarly exposed to N. E. storma 

Fig. 171 will give an idea of the appearanee of the islands in Boston Har- 
bor, as it is entered from the north-east. 



Descr. When the rooks esposed to the waves are divided by 
fiasares, running perpendicular to the coast, the mass betweeu two 
fissures is sometimes removed by the water, thus leaving a chasm, 
often several rode long and very deep, into which the waves rush 
during a storm with great noise and violence. Such caverns have 
received in New England the singular appellation of purgatories. 
Very good examples occur in the vicinity of Newport, Rhode 
Island. 
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Datudation of hlandt in Botton Harbor. 

Beaches of Shingle and Sand. 

Deter. The shingle, or perfectly water-worn pebbles of ft oout, 
ttod sand, are sometimes driven upon the shore by the waves, so 
as to form beaches; and sometimes even large boulders are thoa 
urged inland by powerful storms, so as to lie in a row on the shore. 
In some cases of this sort, after the beaches have been formed, thfl 
waves rather protect the coast than encroach upon it. 

Dunes or Downs. 

Deser. The sand which is driven upon the shore by the wavM 
as above described, is often carried so far inland as to be beyond 
the reach of the returning wave ; and thus an accumulation takes 
place, which is the origin of most of those moving sand hills, known 
07 the name of dunes or downs. When the sand becomes dry, 
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the sea breeses drive it farther and farther inward ; the land 

breezei^ not haying equal power to force it back ; and at length it 

becomes a formidable enemy, by overwhelming fertile fields, filling 

np rivers, and burying villages. Sometimes these dunes occur in 

the interior of a country. 

JSxam. Eyery one u fSuniliar with the history of these dunes in Egypt. 
The westerly winds have brought in the sands from the Lybiao desert, and 
all the west side of the 19'ile, with the exception of a few sheltered spots, haa 
been converted into an arid waste. In Uj)per Egypt especially, the remains 
of ancient temples, palaces, cities, and viuages, are numerous among the 
drifting sanda In Europe, ai*ound tiie Bay of Biscay, a similar destructive 
process is going on. A great number of villages have been entirely de- 
stroyed ; and no less than ten are now imminently threatened by sand hilU, 
which advance at the rate of 60 or even 72 feet annually. On the coast of 
Oornwall in England, similar effects have taken place. These dunes are also 
oonmion on the coast of the United States, especially on Gape Cod in Massa- 
ehusetts ; where strenuous efforts have been made to arrest their progress, 
■od to prevent the destruction of villages and harbors that are threatened. 

Waves and Tides. 

JUm, 1. It has generally been stated that waves do not affect the bottom 
of the ocean where the water is more than 20 feet deep. But the exact 
deptili to which their disturlHng influence extends^ has not been aoeorately 
settled. 

Bern, 2. It must be reoolleeted in estimating the power of waves to re- 
move rocks, that the weight of the latter in water is not much more than 
half their weight in air ; and consequently that a much less force will re- 
move them. 

Ikscr. In large inland bodies of water, such as the Mediter- 
ranean, Black and Caspian Seas, and Lake Superior, tides are 
scarcely perceptible; never exceeding a few inches; and in the 
open ocean they are very small ; not exceeding 2 or 3 feet ; but 
in narrow bays, estuaries, and friths, favorably situated for accumu- 
lating the waters, the tides rise from 10 to 40 feet; and in one in- 
stance even 60 or 70 feet on the European coasts, and in the Bay 
of Eundy, in Nova Scotia, 70 feet. In such oases, especially where 
wind and tide conspire, the effect is considerable upon limited por- 
tions of coast, both in wearing away and filling up. De la Bechis 
Mamcalj p. 85. lA/eWs Frin. Geo/., vol. 2, p. 24. 

Oceanic Currents, 

Descr, Oceanic currents are produced chiefly by winds. The 
most extensive current of this kind is the GruLf Stream. This 
flows out of the Indian Ocean, around the Cape of Good Hope, 
passes northward along the coast of Africa to the equator, thence 
aeross the Atlantic, being increased by the Trade winds ; and im- 
pbging agamst South America, it is turned northward, and con 
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tiBnes along the coast of the United States even to the faftnbsi of 
Newfoundland ; from whence it turns east and south-east across 
the Atlantic, returning to the coast of Africa to supply the de- 
ficiency of waters there. It is estimated that this current covers 
a space 2,000 miles in length, and 350 in breadth. Its velocity is 
rery variable ; but may be stated as from one to three and even 
four miles per hour ; its mean rate being 1.5 mile. A current sets 
northward between America and Asia, throng Behring's Straits, 
which passes around the northern extremity of America, and flows 
out into the Atlantic in two currents, one called the Greenland cur- 
rent, which passes along the American continent, at the rate some- 
times of three or four miles per hour, until it meets and unites 
with the G-ulf Stream, near the Banks of Newfoundland, where the 
Telocity is two miles per hour : the other sets into the Atlantic 
between America and Europe. It is these two currents that con- 
vey icebergs as far south as the 40th degree of north latitude be- 
fore they are melted Among the Japanese Islands a current sets 
north-east, sometimes as strong as five miles per hour. Another 
sets around Cape Horn from the Pacific into the Atlantic Ocean. 
A constant current sets into the Mediterranean through the straits 
of G-ibraltar, at less than half a mile per hour. It has been con- 
jectured, but not proved, that an under current sets outwards 
through the same strait, at the bottom of the ocean. Mr. Lyell 
also suggests that the constant evaporation going on in that sea, 
may so concentrate the waters holdiog chloride of sodium in solu- 
tion, that a deposit may now be forming at the bottom. But the 
deepest soundings yet made there, (5,880 feet,) brought up only 
mud, sand, and shells. Numerous other currents of less extent 
exist in the ocean, which it is unnecessary to describe. They form, 
in fact, vast rivers in the ocean, whose velocity is usually greater 
than that of the larger streams upon the lands. De la Bechis 
Manual^ p. 91. 

Descr, The ordinary velocity of the great oceanic currents is 
from one to three miles per hour; but when they are driven 
through narrow straits, especially with converging shores, and the 
tides conspire with the current, the velocity becomes much greater, 
rising to 8, 10, and even in one instance, to 14 miles per hour. 
lAfdCi Frin. Geol., vol. 2, p. 29. 

Descr, The depth to which currents extend has not been accu- 
rately determined. Some limited experiments seem to indicate 
that they may sometimes reach to the depth of nearly 500 feet 
It ought to be remembered, however, that the friction of water 
against the bottom, greatly retards the lower portion of the cur 
rent ; so that the actual denuding and transporting power in these 
currents is far less than the velocity at the surmce would indi 

eate. 

10* 
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Descr. Alike unoertain are the data yet obtained, for determin- 
ing what velooities of water at the bottom are requisite for re- 
moving mud, sand) gravel, and boulders. It has been stated, how- 
ever, (and these are the best results yet obtained,) that 6 inches 
per second will raise fine sand on a horizontal surface, 8 inches, 
sand as coarse as linseed; 12 inches, fine gravel; 24 inches per 
second will roll aloag rounded gravel an inch in diameter ; and 36 
inches will move angular fragments of the size of an egg. The 
Telocity necessary for the removal of large boulders has not been 
measured. A velocity of 6 feet per second would be 4 miles per 
hour ; of 8 feet per second, 5.4 miles per hour ; of 12 feet per sec- 
ond, 8.2 miles per hour; of 24 feet per second, 16.4 miles per 
hour ; of 36 feet per second, 24.6 miles per hour. Fine mud will 
remain suspended in water that has a very slight velocity, and 
often will not sink more than a foot in an hour ; so that before it 
reached the depth of 500 feet, it might be transported by a current 
of three miles per hour, to the distance of 1,500 miles. De La 
Beche^s Theoretical Geology^ p. 56 and 64. 

Inf, 1. It appears that most rivers, in some part of their course, 
especially when swollen by rains, possess velocity of current suffi- 
eient to remove sand and pebbles ; as do also some tidal currents * 
around particular coasts ; but large rivers and most oceanic cur- 
rents can remove only the finest ingredients ; and as to large boul- 
ders, it would seem that only the .most violent waves and mountain 
streams can tear them up and roll them along. 

Inf. 2. Oceanic currents have the power greatly to modify the 
situation of the materials brought to the sea by rivers and tides, 
and to spread them over surfaces of great extent. 

Mxam, The waters of the Amazon, still retaining fine sediment, are found 
on the surface of the ocean 800 miles from the coast, where they are met by 
the Gulf Stream, which runs there at the rate of four miles per hour. Thus 
are these waters carried northerly along the coast of Guiana, where an ezten- 
give deposit of mud has been formed, which extends an unknown distance 
into the ocean. In like manner, the muddy waters of the Oronoco and other 
rivers are swept northerly, and probably a deposit is going on along the 
whole coast of America as far north as the GuU Stream extends. LyelFi 
Prin* OeoL, vol 2, p. 112. 

Descr. Of the above agents of erosion, the ocean has, without 
doubt, been by far the most potent. It must be borne in mind, 
that our present continents, certainly North America, have been 
several times submerged beneath the ocean, and again elevated 
above it by slow vertical movements; so that every part of these 
countries has. been again and again subjected to the long-continued 
action of the waves and currents : in other words, every portion 
of the surface has been repeatedly the shore of the ocean, against 
which its waves, tides, and currents have impinged as fiercely as 
they now do. During the Silurian and Devonian periods the sur- 
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jRetce, Gomposed of rocks of that age, must have been beneath the 
ocean. But during the carboniferous period, large portions at 
least must have been above the waters, to furnish the gigantio 
vegetation which was converted into coal. Subsequently that 
same surface, in some countries certainly, must have gone down to 
receive the thick marine beds of the oolite and chalk. During the 
tertiary period, there appears to have been often an alternation of 
salt and fresh-water deposits. But subsequently it seems the whole 
of our western continent was submerged, and then again raised, 
essentially to its present height. 

Amount of Denudation. 

Descr. The great amount of denudation that has been the re- 
sult of these several agencies, may be learned by the following 
facts: 

1. The great abundance of loose materials, often hundreds of 
feet thick, that are spread over the surface almost everywhere. 

2. The evidence of the action of the present sea upon coasts. 
Where the strata are soft, especially if xmconsolidated, the cli& 
are rapidly worn away ; and if some portions of the strata resist 
the breakers, fiords, or long narrow friths, will be formed, as on the 
coasts of Norway and of Maine. Some of the latter are 20 miles 
long. See also Boston harbor, lying between the granite promon- 
tories of Cape Ann and Cohasset, while the intervening rock, which 
has been eroded far back, is conglomerate and slate. 

3. Many deep mountain valleys appear to have been the result 
of the joint action of the ocean and of rivers. Take for an exam- 
ple the gorges at Bellows Falls and Brattleborough. It can be 
demonstrated that the mountains here were once united to the 
height of 800 or 900 feet above the present river. (See the paper 
on Erosions above referred to.) Yet the gorges at present are 
much too wide to have been worn out by the river alone, and must 
have been partly the result of oceanic action. As another exam- 
ple, I would express the conviction that the Connecticut valley, at 
least from Long Island Sound to Mettawampe, (Toby,) and Sug&r 
Loaf in Sunderland and Deerfield, 100 miles, was once filled with 
sandstone, at least 1,500 or 2,000 feet high, that has been worn 
away by oceanic, fluviatile, and drift action, which the trap ranges 
alone have been able to withstand. 

4. All the fossiliferous consolidated rocks, six or seven miles 
thick in some places, are formed of materials eroded from older 
strata, stratified or unstratified ; and in the opinion of many geol- 
ogists, I might say the same of all the strat£&ed non-fossiliferous 
rocks, which by them are regarded as metamorphic and of mechao- 
ioal origin. 
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5. The tut amount of matorialB that arnst be snpplied to fill 
jxp defteienoies in the strata, is a strildng evidaioe of the great ex- 
teint of erosion. In a limited district, at least, we must snppose 
the stratified deposits to hare been originally of nearly equal thick- 
ness throughout When elevated or folded, therefore, we should 
expect the several formations to be mantled over one another in 
their highest parts, as well as in lower positions, except perh^ 
aome inconsiderable breaks at the top. But in fact we find vast 
deficiencies in the upper portions, and by prolonging the dips of 
the strata on opposite sides of an anticlinal axis, till they meet at 
the sommit, we can tell how much has been worn away. This may 
be understood by the section below, (Fig. 172,) which, although 
imaginary, does &irly represent the state of things in many 
regions. A, A, is the present level of the sea ; B, B, B, a bed of 
limestone or other rock, conformably interstratified with other 
rocks; C, G, C, is the present sur&ce of the country; and the dot- 
ted lines above this, wludi are marked J>y prolongmg the dips of the 
interstratified bed of limestone, show what was originally its 
hei^t; and in like manner may the hei^t of any other stratum 
be ascertained. 

Kg. 172. 




Descr, By these principles Professor Eamsay, Director of the 
Geological Survey of Great Britain, one of the most accurate of 
observers, has ascertained that in South Wales and the adjacent 
SngUsh counties, a mass of rook from 3,000 to 10,000 feet has 
disappeared; in other words, the country was once two miles 
higher than it now is. In the United States we are hardly pre- 
pared to solve this problem till more careful measurements luave 
been made. But I have no doubt that when they are made, re- 
sults equally marvellous will be reached. Memoirs of the Geologi- 
cal Survey of Great Britain, voL 1, p. 297. 

Inf. From these investigations Professor Bamsey infers in re- 
Bpeet to Wales, and we need not hesitate to say the same of North 
America, that *< the matter torn from above the present sorfiux) 
was fur greater than all which still remains above the level of the 
sea." Mem. Geol. Sur., p. 33Q. 
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CBBMICAL DEPOSITS FROM WATER. 

CcUcareotis Tufa, or Travertin, 

Deser. In certain eireumstances water holds in solution a quan- 
tity of carbonate of lime, which is readily deposited when those 
circumstances change. The deposit is called travertin or cakare- 
ous tufa. 

Exam. At Clermont in France, a sfngle thermal spring has deposited a 
mass of travertin 240 feet long, 16 feet high, and 12 feet wide. At Ban 
Vignone in Ttiscanj, a mass has been formed upon the side of a hill, half a 
mile long and of various thickness, even up to 200 feet. At San Filippo, in 
the same country, a spring has deposited a mass 30 feet thick in 20 years. 
And a mass is found there, 1.26 mile in length, one third of a mile wide, and 
in some phices 250 feet thick. In the vicinity of Rome, some of the traver- 
ton can hardly be distinguished from statuary marble ; and that which is con- 
stantly f(»rming near Tabreez in Persia* is a most beautiful variety of semi- 
transparent marble, or alabaster. At Tivoli, in Italy, the beds are sometimes 
from 400 to 900 feet thick, and the took of a spheroidal structure. lJyelV% 
Prin. Geol.f toL 1, p. 8»7. 

Marl 

De^cT. The only kind of marl now in the course of formation, is 
that deposited at the bottom of ponds, lakes, and salt water, 
known by the name of shell marl ; and which consists of carbonate 
of lime, clay, and peaty matter ; as has been described in a pre- 
ceding section. The marls in the tertiary strata are frequently 
ilidurated, and go by the name of rock marl. Much of the marl 
used in Virginia, and other southern States, is composed mostly 
of fossil marine shells ; and this is a true sheU marl. But that 
tiSiially so called, contains only a small proportion of shells : Uie 
remainder being pulverulent carbonate of lime, except the clay 
and peaty matter, mixed with the carbonate. These beds of marl 
often cover hundreds of acres, and are several feet thick. In Ire* 
land they contain bones of a large extinct species of elk, as well as 
shells of Cypris^ Ijymnma^ Valvatay Cyclas, Flarwrlm^ Ancyclus^ 
4^. The marls of this country contain shells of PlanordiSj I/ym- 
ncea^ CyclaSy and other small fresh-water molluscs. 

Hem. These alluvial deposits of marl have been generally supposed to be 
the result of t^e decomposition of the small shells which occur in them. But 
they seem to me only in part due to this cause. Carbonate of lime, it is well 
known, is scarcely soluble in pure water. But if the water contain carbonic 
acid, and carbonate of lime be diffused in it, the acid will render it soluble. 
Yet the excess of acid is easily expdOled, and then the salt will be deposited* 
as we know to be the case in many waters that are not thermal ; as at the 
moutiis of several of the streams that empty in the Mediterranean Kor wiU 
this deposit be neoessarily crystalline ; for it may be pulverulettt. Now t^e 
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waters in luuestone regions fireqnentlj contain carbonic ndd. They also ofteo 
contain carbonate of lime, in a state of sospensioa, which has been worn from 
the rock. Hence the salt thus dissolved will be very likely to be deposited, 
when the solution containing it forms ponds, whose stagnant waters are liable 
to chemical changes sufficient for this purpoee. Or if this be doubted, it is 
certainly very possiUe that the streams that empty into ponds, will carry 
thither minute particles of limestone, which have oeen worn from the rocks 
over which the waters have passed ; and these will be deposited when the 
waters have become quiet. The largest part of these alluvial marls that 
have come under my observation, appear to have been formed in one of these 
modes, and not by the disintegration of the shells. These are generally in a 
sound state, when the marl is first dug, whereas if the powdered part orig^- 
ated from them, we ought to find them in fi^nnents of every size. Hennf* 
Chemi9try, vol 2, p. 612, Eleventh Edition. ^J^<muon*8 Inorganic Ohemiitry, 
vol. 2, p. 612. 

Siliceous Sinter, 

JDescr. Thermal waters alone can contain silica in solution to 
any important amount. The most noted of these are the Geysers 
in Iceland, where a siliceous deposit, about a mile in diameter, and 
12 feet thick, occurs ; and those of the Azores where elevations of 
siliceous matter are found 30 feet high. The stems and leaves of 
the frailest plants are converted into sinter or covered with it 
Thermal springs, also, not in volcanic regions, as on the Washita 
river in this country, and in India, deposit a copious sediment of 
silica, iron, and lime. 

Hydrate of Iron ; or^ Bog Lron Ore, 

Deicr, It is probable, as will be shown in a subsequent section, that the 
greatest part of the ferruginous deposits so widely diffiosed, originate from 
the fossil shields of animalcula. Yet in some instances we have direct evi- 
dence that they are produced by the decomposition of iron pyrites ; for where 
such decomposition is going on, (as in the western part of Worcester County, 
in Massachusetts,) the rocks are coated over with the hydrate, and the sur- 
rounding soil deeply impregnated with it. Nor can there be any doubt but 
this iron would be often canued by water — ^although not directly soluble in 
it, — ^to the lowest places, and into ponds and rivers, so as to form depoaita 
there. 

Rem, The hydrate of manganese is almost as widely dififtised through the 
rocks as the hydrate of iron; but its quantity is so small that it exerts but a 
slight influence in the production of geological changes, and will therefore be 
passed without particular description. The same remarks will apply to sul- 
phate of lime, carbonate of magnesia, chloride of calcium, ^, which occur in 
almost all natural wafers, and sometimes form deposits of small extent 

Petrcdeu/m, AsphaUum, 4*c. 

^escr. The great amount of bituminous matter with wnich cer* 
tain springs are impregnated, renders them deserving of notice as 
existing causes of geological change, capable of explaining certain 
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appearances in the older rocks ; many of which are highly bitumin- 
ous. In the Burman Empire, a group of springs or wells at one 
locality, yielded annually 400,000 hogsheads of petroleum. It is 
found also in Persia, Palestine, Italy, and the United States. In 
this country it has the name of Seneca Oil, from having been early 
observed on the surface of springs at Seneca in N. York. It is 
thrown up in considerable abundance, also, at the salt borings on 
the Kenhawa river in Ohio ; where a few years ago a large quan- 
tity of it, floating on the surface of a small stream, took fire, and 
the river for a half a mile in extent appeared a sheet of flame. 
Am, Journal of Science, vol. 24, p. 64. In Palestine the Dead 
Sea is called the lake Asphaltites, from the asphaltum which for- 
merly abounded there. But the most remarkable locality of bitu- 
minous matter is the Pitch Lake in the island of Trinadad, in the 
West Indies. It is three miles in circumference, and of unknown 
thickness. It is sufficiently hard to sustain men and quadrupeds ; 
though at some seasons of the year it is soft. Geological Trans- 
actians, vol. 1, p. 63. 

Jieni, Mineral piteh was a principal ingredient in the cement used in con- 
structing the ancient walls oi Babylon, and of the temple in Jerusalem. It 
has lately been employed in a similar manner, and it is said very successfully, 
to form a composition for paving the streets of cities. 

Prin. The various bitumens are produced from vegetables by 
the processes by which these are converted into coal in the earth. 

Inf. Hence the bitumens that rise to the surface of springs, or 
form inspissated masses on the earth's surface, or between the 
layers of rocks, are supposed to be produced from vegetable matters 
buried in the earth ; and to be driven to the surface by internal 
heat • and the fact that such deposits usually occur in the vicinity 
of active or extinct volcanos, gives probability to this theory. 



Phenomena of Springs. 

Descr. Water is very unequally distributed among the different 
strata ; some of them, as the argillaceous, being almost impervious 
to it; and others, as the arenaceous, admitting it to percolate 
through them with great facility. Hence, when the former lie 
beneath the latter in a nearly horizonal position, the lower portions 
of the latter will become reservoirs of this fluid. 

Inf. Hence, if a valley of denudation cuts through these pervi- 
ous and impervious strata, we may expect springs along their junc- 
tion. 

IUu9. If R B. Fig. 1*78, be the pervious, and 0. 0. the impervious Btratun, 
and A. the valley of deniulation, we may expect springs at £. SL 
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Fig. ns. 



Deter. If a fiinlt oeenr ia tliw« etraca, u at D, whereby the; tit sunk on 
Ibe right of D, md (till dtp towardi L, Ihe water will be accmanlated at I^ 
becaoM it cannot pass inlo C, and a apriag ma; be eipecUd at L. 

Rem. Sometimea Ibe geolagi«ta can discover the line of a &iilt b; the os- 
onrreoGe of gpringa, where aotbing eUe iadicnteB iu eiistenoe at the surfaee. 

Dacr. In many p&rts of the world, if the strata be penetral«d 
to a coDsiderable depth by boring, water will rise, sometimes with 
great foroe, to the Borface, and oontinne to flow oniuterruptedly. 
Snob examples are called Artesian vxSs ; from having been first 
discovered at Artoie, the ancient Arteaiiim, 



imperrioua to water ; while the lover coal ia perviou!, or the water bearing 
■tratam. Now, if ezeaTatioas ba mode at B, or E, till tbe coal BtraU are 
reached, it ia obriouB that water will be {breed to the surlkce b; h;droatatie 
preuure; beOBiue some part of the water bearing stratum la higher tbon tbe 
pointa B, and E. 

Inf. 1. If any water bearing Btratmn, passing nnder a plaoe 
where boring is attempted, rises hisher at any point of its prolon- 
gation than the surface where the boring is made, the water will 
rise above that surface \ and it will faU as much below that surface 
as ia the level of the highest part of the pervious stratum. 

Inf. 2. Hence borings of this sort may fail ; first, because no 
water bearing stratum is reached ; and secondly, because that stra- 
tum does not rise high enough above the place to bring the water 
to tbe surface. 

Inf. 3. These explorations have proved that subterranean 
streams of water exist ; some of which nave a commnnioation with 
water at the surface. 

Exarn. At St Ouen in France, at the depth of ISO Feet, the borer suddenly 
fell a foot, and a stream of water ruehed up. At Tours the water bron^t 
up from the depth of 374 feet, fine sand, vegetable matter, and ihella of epe- 
«ies living in the vicinity, which muat have been carried to that depth within 
a few months preceding. In Weetpbalia tjie wnter brought up aeveral small 
fish, although no river existed at tbe suiface within several leagues. His 
borii^ H) Saa United States prove that cavitiea coc'-aining water exist eveo 
in granite. 
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DejBthi of the Borings, In England, Artesian wells have been carried to 
the aepth of 620 feet with suocess. In France, they have been sunk 800 
and even 1,200 feet, and in one instance near Paris to 1,800 feet before water 
was reached. In the United States, borings for salt- water. in the Western 
States have been carried as deep as 800 or 900 feet. In the cities of New 
York, Baltimore, Albany, and in various parts of New Jersey, Ac^ borings 
for fresh water have been carried, and in most instances with suocess, to the 
depth of nearly 400 feet, though water has usually been obtained at a much 
less depth. An excavation in the city of New York, 100 feet deep and 16 
feet diameter, yields 8,000 gallons daily ; and that in Bleecker street, 442 feet 
deep, yields 44,000 gallons daily. Am, Journal of Science, vols. xiL, p. 136, 
and zxiii., p. 206. 

Rem. 1. Until recently these borings have been generally perfected by 
means of a continuous iron rod, sharpened like a drill at the lower end. But 
a far more convenient and ecoDomicad method, which has long been in use in 
China, has lately been adopted : viz. to use a heavy cylinder of iron in the 
same manner, by means of a rope attached to its upper end ; a borer with 
yalves being connected with the lower end, for bringmg up the comminuted 
materials. Bucklan^s Bridgewaier Treatise, vol. 1, p. 668. 

Bern, 2. Thermal Springs will be considered under the eighth section. 

SoM and other Mineral Springs, 

DescT, All waters found naturally in the earth contain more or 
less of saline matter ; but unless its quantity is so great as to ren- 
der them unfit for common domestic purposes, they are not called 
mineral waters. 

Descr, The ingredients found in mineral waters, are the sul- 
phates of ammonia, soda, lime, magnesia, alumina, iron, zinc, and 
copper ; the nitrates of potassa, lime, and magnesia ; the chlorides 
of potassium, sodium, barium, calcium, magnesium, iron, and man- 
ganese ; the muriate of ammonia ; the carbonates of potassa, soda, 
ammonia, lime, magnesia, alumina, and iron ; the silicate of iron ; 
silica, strontia, lithia, iodine, bromine, and organic matter; the 
phosphoric, fluoric, muriatic, sulphurous, sulphuric, boracic, formic, 
acetic, carbonic, crenic, and apocrenic acids ; also oxygen, nitro- 
gen, hydrogen, sulphuretted hydrogen, and carbureted hydrogen. 
Ure*s Chemical IHctiemaryj article Water. See^ alsOj Dr. Dau- 
heny's admirable Rep&rt to the British Association, on Mineral 
and TJiermal Waters, 1837, p. 14. 

Theory. Many of the above ingredients are taken up into a state 
of solution from the strata through which the water percolates : 
others are produced by the chemical changes going on in the earth, 
by the aid of water and iDtemal heat ; and others are evolved by 
tne direct agency of volcanic heat. 

Salt Springs, 

Descr, The most important mineral springs in an economical 
point of view, are those which produce common salt. These are 
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called salines, or rather such is the name of the region through 
which the springs issue. They occur in various parts of the world ; 
and the water is extensively evaporated to obtain t.able salt. They 
contain also other salts ; nearly the same in fact as the ocean. 

Exam. Some of theoe springs oontaiD less, but usually they contain more 
salt, than the waters of the ocean. Some of the Cheshire springs in England 
yield 26 per cent. ; whereas sea-water rarely contains more than 4 per cent. 
In the United States they contain from 10 to 20 per cent. They are used in 
New York, Ohio, Virginia, Pennsylvania, Illinois, Michigan, Missouri, Arkan- 
sas, and Upper Canada. 450 gallons of the water at Boon's Lick in Missouri, 
yield a bu?nel of salt ; SCO gallons at Conemaugh, Penn. ; 280 at Shawnee- 
town, III. ; 120 at St. Catharine's, U. C; 76 at Kenawha, Vir. ; 80 at Grand 
River, Arkansas; 60 at Muskingum, Ohio; and 41 to 46 at Onondaga, N. Y.; 
850 gallons of sea-water yield a bushel at Nantucket. In 1829, according to 
a Report of the Secretary of the Treasury, 8,804,229 bushels of salt were 
made in the United States. Since that tmie the quantity has greatly in- 
creased. Li 1841, no less than 8,840,769 bushels were made at the Ononda- 
ga Springs in New York alone; and 8,000,000 bushels at the Eenawha 
Spring in Virginia, in 1886. In all these places deep borings are necessary, 
lometmies even as deep as 1,000 feet ; and usually the brine becomes stronger 
the deeper the excavation. Profetaor Beck's Geological Report to the Aa- 
•embly of New TorlCy 1888. See also Prof, W. B, Rogeri Report of the Qe- 
oloffieal Reconmoueance of the State of Virginia, 1886. Dr, HUdreth'e first 
annual Geological Reoort to the Legielature of Ohio, 1888 : also his Article 
an the Geology of Okio^ Am, Journal Science, voL 29. Also Mr. Foster's 
Geological Report on Ohio, 1889; and Dr, HoughtorCs Report on the Geology 
of Michigan, 1888. 

Origin of Salt Springs, In many parts of Europe salt springs are found 
rising dire&ly from beds of rook salt; so that their origin is certain ; but as 
yet no deposits of rock salt have been discovered in this country east of the 
Aocky Mountains, except in Virginia ; and Mr. Eaton has suggested {Survey 
of the Erie Canal Rocks, p. 110) that the ingredients only for the formation 
of the salt exist in the saUferous rock, and are made to combine by diemi<»l 
agencies, so that the water percolating through the strata would become im- 
pregnated An English writer (AntMils of Philosophy, 1829,) supposes that 
the salt is intimately disseminated through the saliferous rock, having \)eea 
left tuere by the ocean that deposited the strata. Most American g^logists, 
however, still maintain that our salt springs proceed from beds of rock salt, 
deposited so deep in the earth that they have not yet been discovered ; and 
the &ct that the orine increases in strength by descending, gives strong sup- 
port to this theorv, which is confirmed by the discovery^ of rock salt in Vir- 
ginia. Prof. BecK^s Report, 1888, p. 14. The springs in this country issue 
almost invariably from the Silurian rocks. 

Gas Springs, 

Descr. Carbonic acid and carburetted hydrogen are the most 
abundant gases given off by springs. They sometimes escape from 
the soil around the springs, over a considerable extent of surface, 
and produce geological changes of some importance. Carbonic 
acid, for example, has the power of dissolving calcareous rocks, and 
of rendering oxide of iron soluble in water. It contributes power- 
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fully also to the decomposition of those rocks that contain felspar. 
Carburetted hjdrogen is sometimes produced so abundantly from 
springs, that it is employed, as at Fredonia in New York, in sup 
plying a village with gas lights. At Kenawha, in Virginia, it is 
so abundant that it has been employed for boiling down the salt 
water that is driven up by it with great force. In almost all the 
States west of New England, this gas rises from springs in greater 
or less abundance, generally from salt springs. 

Origin of these g<ise8. Some of these gaaes, as carbonic acid, are given off 
most abundantly from springs in the vicinity of volcanos ; and in such a case 
there can be no question but they are produced by decompositions from vol- 
canic heat. When they proceed from thermal springs, there is a good deal 
of reason for believing tnat internal heat may have produced them. But 
where they rise from springs of the common temperature, they must gener- 
ally be imputed to those diemical decompositions and reeompositions that 
often occur in the earth without an elevated temperature. Although carbu- 
retted hydrogen may sometimes proceed from beds of coal, it may also pro- 
ceed from other forms of carbonaceouB matter ; as from bitumen disseminated 
through the rocks. 



SURFACE GEOLOGY. 

Results of the Operation of the preceding Agencies since the Ter 

tiary Period. 

Descr. By Surface Geology y — ^a phrase scarcely yet used in ge- 
ology, — is meant the geology of the Alluvial Period, and which is 
the result of all those agencies that have operated on the surface 
of the globe since the tertiary period. In the construction of 
maps, geologists have generally omitted most of these deposits, 
and represented the solid strata beneath. A map giving the exact 
Surface Geology of any considerable region I have not yet seen ; 
save some recent attempts of my own, not yet published. I think 
the time near at hand when such maps will be demanded and exe- 
cuted. 

Descr, The observations of many years have satisfied me, in the 
first place, that the time since the deposition of the tertiary strata, 
is a good example of a single and uninterrupted geological period. 
Secondly, that jDrift cannot be properly separated from alluvium, 
and made a distinct period, but as only the earliest results of 
causes still operating ; and thirdly, that many deposits have been 
confounded with drift, that were the result of subsequent opera- 
tions. 

Descr. In the third section of this work the alluvial period has 
been subdivided into four minor periods, which, however, run insen- 
sibly into one another, and one of which, the Historic, is not yet 
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completed. These sabdivisions are as follows, beginning with the 
oldest : 

1. Drift. 

2. Beaches, Osars, Submarine Ridges, and Sea Bottoms. 

3. Terraces. 

4. The Historic Period. 

JRem, 1. Though I shall follow these diyisions in the following descriptioDfl, 
thej are not satisfactoiy, and do not give a full view of Alluvium. Thus the 
drift agency £d not cease till long after beaches began to be formed ; and 
some terraces are older than some beaches ; while the former are still in the 
course of formation. Indeed, the iotroduction of man on the globe with the 
existing species of lower animals, does not seem to haye been connected with 
any general and marked geological changea 

Bern, 2. If we were to characterize allnyium by the principal agencies em- 
ployed in its production, we might speak of the Iceberg Period and the 61ar 
cier Period. But thoi^h they have operated with very diflerent decrees of 
intensib^ at different times, they seem neyer to have ceased to act smce the 
dose of the tertiary period up to the present hour, and therefore these pe- 
riods are strictly contemporaneous. 

Jiem, 8. I ought perhaps to say, that most of the views whi<& I shall pre- 
sent below, are peanliar to myself, and have been the final result of more 
than thirty yearr stud^ of the drift deposit in N(»*th America, and of three 
or >four years' study of beaches and terraces, both in this country and Eu- 
rope. These views differ considerably from those advanced in former edi- 
tions of this work, and have been gradually forced upon me by the facts that 
have fallen under my notice. It would be strange if on so difficult subjects, 
which have long perplexed the ablest geologists, I should not commit some 
mistakes, and possibly I may be seriously erroneous. I can only refer for 
the detailed proofs of my opinions to a manuscript paper on Terraces and 
Ancient Beaones, which I hope ere long to offer to the Smithsonian Institu- 
tioD. 

1. Drift 

Deser, In Section III. Drift has been described as a mixture 
of abraded materials, such as boulders, gravel, and sand, blended 
confusedly together, and piled up by some mechanical force that 
has pushed it along over the surface. Yet in some places the ma- 
terials are somewhat stratified and laminated, as if by water. In 
other cases we find more or less of an alternation of finer mate- 
rials, such as sand and gravel, with the coarser unstratified accu- 
mulations mentioned above. 

Descr. Coarse drift usually lies immediately upon the subjacent 
rock, either tertiary, secondary, or hypozoic, though sometimes de- 
posits of clay or sand intervene. Upward it is usually succeeded 
by regular stratified deposits of the same materials, which have 
been reduced to a finer state, sorted into finer or coarser layers, 
and deposited in more and more delicate layers as we ascend. 
These deposits, mainly horizontal, may be called Modified Drift$. 
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Rem. Modified drifb, for the most part, has been confounded with thai 
which ie unmodified, and the whole is called by most geological writei's, the 
Drift Deposit. But this mixing tc^ether of deposits formed at widely differ- 
ent periods, and by agencies modified at least, and sometimes quite differ- 
ent, has been a fruitful source of confusioQ and misapprehension on this most 
difficult subject. 

Descr, Drift is easily distiDguished from the subjacent tertiary 
strata, by superposition, by the marJks of much more powerful me- 
chanical agency in its production, and by the absence of organic 
remains; for probably in all cases where organic remains have 
been reported in drift, they have been derived from modified drift. 

Descr. We can see from the preceding remarks, that it is not 
easy to say precisely where is the line between drift and modified 
drift; but it is easy to distinguish between the coarse irregular 
beds of boulders, gravel, and sand, lying immediately upon the 
older rock, and the fine stratified deposits of clay, sand, and loam, 
that lie much higher and frequently form the banks of rivers. 
We can see that the latter have been produced from the former by 
the comminuting, sorting, and re-depositing power of water, as the 
chief agent ; whereas we can hardly account for the formation of 
the coarse drift without the aid of ice in some form. 

Dtspersion of Drift. 

Descr, It is a characteristic of drift, by which it is distinguifdied 
from disintegrated rock, that it has been removed from its original 
position, it may be only a few rods, but more often a great many 
miles. And by the boulders and trains of gravel and sand which 
it has left along the way, we can trace it back to its origin. 

Descr. In the dispersion of drift we find the evidence of two 
distinct phases of action, which may, however, have been the result 
of the same general cause, operating in different circumstances. 
In the first case, the drift has been carried outward from the sum- 
mits and axes of particular mountains, and spread over the neigh- 
boring plains. 

Exam. 1. The best example of this mode of dispersion exists in the Alps. 
The bouldei*8 there have usually been carried down the valleys, aud they ex^ 
ist in the greatest abundance opposito the lower opening of those valleys. 
This shows that the valleys existed when the dispersion took place. Yet 
Elie de Beaumont seems to have shown that the Alps have experienced very 
great vertical movements since that period. 

JSxam. 2. Several similar iustunces have recently been pointed oat by Dr. 
Buckland and Mr. Lveli as existing among the mountains of Scotland and 
the north of England, whose details c^mnot here be given. FroceetUngB of 
the Geol Soc. Lond., No. 72, Nov. and Dqq. 1840. 

Exam. 8. Rozet describes the plain of Metidja, south of Algiers, as covered 
in its northern parts by boulders derived from a long chain of hUls running 
^oDg its Qorthera border ; while its southern part is ftrewed over by bouT 
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d«ra from the Atlas chain, which stretdies along its tonthem border. ThraiU 
ElemetUaire de Geologie, jk 269. 

Exam. 4. Scandiuayia is now generally admitted to aflbrd another example 
of a centre of dispersion for drift. In a south-west direction, we find Norwe- 
gian detritus on the shores of Yorkshire in England, and in Denmark 
Southerly, we find it in Prussia. In Russia towards the Ural Mountains it 
eame from the north*west and west ; and in Russian Lapland, from the south, 
according to the observations of M. BohtUngk. Jfurehison's Geology of 
Jiutiut, YoL 1, p. 627. 

Descr. In tbe second phase of this action the force seems to 
have operated on a wider scale, having driven the materials south- 
erly, or south-easterly, over all the northern part of the American 
continent, and over a part of Europe. There may, indeed, be a 
general centre of dispersion on this continent, as on the eastern ; 
but if so, it is situated so far to the north that it has not been, and ^ 
perhaps never can be discovered. Not improbably, also, it will be 
found, that while the whole country north of Pennsylvania, has 
been swept over by the drift agency, some of our highest mountains 
may have formed subordinate points or axes of dispersion, from 
which the detritus was carried excentrically by glaciers. Indeed, 
the account given on a previous page of ancient glaciers in Massa- 
chusetts, makes it probable that the Green and Hoosac Mountain 
range constituted such an axis of dispersion. The White Moun- 
tains and the Mountains of Essex in New York, will probably be 
found to have constituted other centres of drift radiation. But 
this kind of drift differs from the deposit generally, which seems 
the result of the combined action of ice and water. 

Proof, To begin with the American continent at the north- 
easterly point where observations to be depended upon have been 
made; we find that the boulders spread over the southern part of 
Nova Scotia were derived, according to Sir Alexander Coke and 
Messrs. Jackson and Alger, from the ledges in the northern part 
of the province. Trans. Amer. Acad. vol. 1, New Series, p. 302. 
Through the whole extent of Maine, the evidence is very striking 
of the southerly transport of the drift, the course being usually a 
few degrees east of south. And transported boulders are even 
found towards the summit of Mount Katahdn, which is 5,300 feet 
high. I>r. JcLclisorCs First and Second Reports on tJie Geology 
of Maine^ 1837 and 1838. Also his Second Report on the Public 
Jjands of Maine and Massachusetts^ p. 16. 

Descr. In Massachusetts, the direction taken by the drift, as 
ahown by a multitude of examples, varied from north and south to 
north-west and south-east ; the most usual course being a few de- 
grees east of south. This course carried the current very ob- 
liquely across most of the precipitous ridges of mountains in the 
state ; nevertheless, the boulders held on in the general direction 
with remarkable uniformity. The largest blocks usually lie near* 
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ost to the bed from which they were derived, and they continue to 
decrease in size and quantity, in a south-easterly direction, for the 
distance of several miles ; sometimes as many as 50 or 60 ; and 
not unfrequently even 100 miles, though usually the sea coast is 
reached short of that distance. But often boulders from the con- 
tinent are common upon the islands many miles distant from the 
coast; as on Nantucket, Martha's Vineyard, and Long Island. 
In the western part of Massachusetts the mountains are from 1,000 
to 3,000 feet high; yet vast quantities of boulders have been 
carried over these precipitous ridges, and both slopes are covered 
with them ; the largest being upon the northern side. Final re- 
port on the Geology of MassachasettSj p. 379. See also Plate 53 
of that work ; where the course of the drift is marked. Also 
American Biblical Repository y vol. 10, p. 338. On Long Island 
the drift corresponds to the rocks on the continent ; those of differ- 
ent kinds always lying south of the ledges from which they were 
derived. Prof Mathefs first annual Report on the first Geologi- 
cal District of New Yorkj p 88, 1837. In the eastern part of 
New York, the course was south-easterly ; as in the western part of 
Massachusetts. But towards the western parts of the State, its 
general course appears sometimes to have been west of south. 
Mr. Hairs second annual Report on the Fourth Geological Dis- 
trict of New York, p. 308. In the south-easterly part of the State, 
bordering on Pennsylvania and New Jersey, its direction varied 
from south several degrees west, to south-east ; and near the city 
of New York the course was N. W. and S. E. American Journal 
of SdencSy vol. 23, p. 243. And vol. 16, p. 357. Also Prof 
Gales'^ Report for 1839 upon the Geology of the First District. 
In the fossiliferous region of western New York, and in the States 
south of the western lakes, great numbers of boulders of hypozoic 
rocks are strewed over the surface, significantly called lost rocks. 
These have been satisfactorily traced to the beds from which they 
were derived in the west part of Michigan and on the north side 
of the lakes in Upper Canada. See the papers of the Messrs. Lap- 
ham in vol. 22, and of Dr. Hildreth in vol. 29, of American 
Journal of Science. Also the Geological Reports on the States of 
Ohio and Michigan. 

Descr. Prof 6, Owen describes the drift of Iowa as carried 
from the north-west to the south-east. Report of a Geol Survey 
of loway Wisconsin^ ifc.^ vol. I, p. 144 Philadelphia, 1852. 

Descr, In 1843 I published in the Transactions of the Ameri- 
can Association of Geologists and Naturalists, a Map of the course 
of the Boulders and Striae in North America. In 1851 Dr. 
Bigsby reproduced these delineations, greatly extended by the ob- 
servations of Prof Hall and his own, in New York and Canada. 
(Quarterly Journal cf Qreology for August j 1851, p. 215.) WhOe 
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tbis Map shows that the general ooorse of the drift has been 
southerly, or rather soath-easterlj, it exhibits many exceptions. 
The most northerly and westerly point where the direction of the 
boulders is given, is around the Lake of the Woods, in lat. 49, 
and Ion. 95^ ; and there it is nearly south. Around and north of 
Lake Huron, the course is north, a little easterly, though green- 
stone boulders are represented as having gone from the north-east 
shore of Huron to the west end of Erie in a south-westerly direc- 
tion. The same is true of the same rock, carried up the valley of 
the St Lawrence from Montreal to Niagara Falls. In all other 
parts of Canada, the direction is nearly south. 

Descr. In the region around Lake Superior, especially its 
southern shore, according to the Report of Foster and Whitney in 
1851, (part 2, p. 244,) the boulders have been driven in a nearly 
south-west direction, and the strias on the rocks correspond. 

Descr, According to Mr. Catlin, {American Jour, of Science^ 
vol. 38, p. 143,) vast quantities of boulders of primary rocks *^ are 
strewed over the great valley of the Missouri and Mississippi, 
from the Yellow Stone almost to the Gulf of Mexico," which have 
been drifted thither from the north-west. At the Red Pipe Stone 
quarry on the Coteau des Prairies, which is several hundred miles 
west of Lake Superior, he describes five granite boulders, from 15 
to 25 feet in diameter, which he supposes must have been drifted 
several hundred miles from the north. 

Descr. The distance to whioh boulders have been driven south- 
easterly from their native beds in our country, has not been very 
satisfactorily determined. In New England they have been traced 
rarely more than 100 to 200 miles; but in the western States 
they are strewed over a greater distance. I am informed by the 
gentleman engaged in the geological surveys of those States, that 
hypozoic boulders are rarely found south of the river Ohio ; but 
they are strewed over almost every part of Ohio and Michigan. 
Now the hypoioic rocks from which they have been derived, are 
found on the north side of the great lakes. This would make 
their longest transit between 400 and 600 miles. 

Descr. In passing to the eastern continent, we find, as already 
stated, that on the eastern coast of England, the drift came from 
Scandinavia and from Scotland. On the west side of England, 
the boulders were carried from the north-west to the south-east. 
The dispersion of blocks from several local centres, as Wales, 
Ben Cruachen, and Ben Nime, seems to be independent of that 
more general force, apparently marine, that swept southeasterly 
over the whole island, and also over Ireland. Even on the shore 
of the ocean at Oban, in the Highlands of Scotland, just at the 
point where Mr. Hopkins has marked a train of glacier blocks, or 
moraines from Ben Cruachen, I found, in 1850, distinct striae 
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nurning S. 50«^ to 60«> E., and N. 50° to 60« W; which do not 
point to the mountain. I found similar striad, 200 feet higher on 
the hills around Oban, having the same direction, and they must 
have been the result of that general force that swept over the country. 

Descr. The drift of Scandinavia and the Alps, which seems to 
have been partly marine and partly terrestrial, has already been 
described. It reaches as far east as the Uralian mountains only 
in one or two places ; and the vast region of Siberia is said to be 
free from it ; because, probably, it was above the ocean during the 
drift period, and the climate was too warm for glaciers. 

Descr. An interesting example of the dispersion of boulders in 
a southerly direction in Northern Syria, is given by Mr. Beadle, 
American Missionary in that country. On the coast 60 or 70 
miles north of Beyroot, he " reached a volcanic region with a re- 
markable locality of greenstone. The pebbles from this locality 
are scattered the whole distance to Beyroot. At that place they 
are quite small, but gradually increase in size as you advance to 
the north, and terminate entirely in this locality." Missionary 
Herald for May, 1841, p. 206. This is an important fact; be- 
cause it proves the occurrence of drift action on the Asiatic conti- 
nent much farther south (about 32^ N. lat.) than had been before 
pointed out ; unless it be upon the Himalaya Mountains. 

Descr, According to Mr. Darwin, the equatorial regions of 
South America, especially the vast plains in its eastern parts, pre- 
sent few or no examples of transported boulders or erratics. But 
beyond 41® South latitude, and near^the Cordilleras, they show 
themselves in Chili and Patagonia, where they seem to have 
travelled in an easterly and westerly direction, by the agency, aa 
Mr. Darwin supposes, of glaciers and icebergs. Sir Bobert 
Schomberg has also described enormous far transported blocks in 
British Guiana. Murchison^s Geology of Russia, Yoh 1, p. 551. 
Prof. Studer states that in the hill country at the foot of the 
Himmalaya mountains, erratic boulders occur. Am, Jour, Sd^ 
vol. 36, p. 330. " Close along the foot of these mountains," says 
Capt. Strachey, " we find the soil to be everywhere composed of 
deposits of boulders and gravel," which, however, scarcely extend 
as far as 30 miles into the plains. Quarterly Choi, Journal, Nov. 
1851, p. 294. This detritus maybe all the result of glaciers. 
Such may be also the origin of similar accumulations in the moun- 
tains south of Algiers in Africa, as described by Bozet, and already 
referred to. 

Size and Amount of Erratic Boidders. 

Descr, Frequently the surface is almost entirely covered for 
many square miles with large transported blocks of stone, which 
are but little rounded. 

11 
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JBm. One Mm hu-dly pua over any of tha hill; parts of Sew BBglwm 
without meetuig with mar* or I«m or these blooka. Perh&pi th« vest part 
of 0^>e Ann in Hassaiiiusett). exhibits tbeni in u great abuadsnce as aaj 
pbce. Fig. 114 will give aome idea of ■ landecupe uear Squara in Oloucea- 
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Uescr. Tha lize of smgl(> .oalderB ia aometimea enormous, Tlie 
block out of which was hp vn a pedestal for the statue of Peter the 
Great, weighed 1,600 t/>..B, The Needle Mountain in Dauphiny, 
said to be a boulder, >■, 1,000 paces in circumfereDce at the boL 
torn, and 2,000 at the top. Near Neufchatel is a block of granite 
40 feet high, 50 feet long, and 20 broad, which weighs 3,800,000 
pounds. The block called Pierre a Martin contains 10,296 cubio 
feet Fig, 175 represents the block called Pierre i Bat, cont»ia- 

Rg, ns. 
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ing 40,000 cubic feet, near Neufchatel on the Jura. It has been 
transported from near Martigny, more than 60 miles, across the 
great valley of Switzerland. Geological Observer^ p. 277. Green- 
oughts Geology^ p. 131. Prof. Forbes describes another boulder 
in the Alps 100 feet long, and 40 to 50 feet high; also another 62 
feet in diameter, containing 244,000 cubic feet. Am, Jour. Sci.y 
vol. 36, p. 184. The rock in Horeb, from which according to 
monkish tradition, Moses miraculously drew water, is a block of 
granite, six yards square, and contains 5,823 cubic feet, lying in 
the plain near Mount Sinai, from which it was probably detached. 
This, however, has not probably been removed except by gravity. 
Greenough, p. 127. In this country boulders occur of equal dimen- 
sions. Thus, on Cape Ann and its vicinity, I have not unfre- 
quently met with blocks of syenite not less than 30 feet in diame- 
ter ; and in the south-east part of Bradford I noticed one 30 feet 
square, which contains 27,000 cubic feet, and weighs not less than 
2,310 tons. In the west part of Sandwich on Cape Cod, I have 
seen many boulders of granitic gneiss, 20 feet in diameter, which 
contain 8,000 cubic feet, and weigh as much as 680 tons. Two 
sandstone boulders of the same size lie a few rods distant from 
the meetinghouse in Norton, in Dr. Bates' garden. A granite 
boulder of equal dimensions lies about half a mile south-east of the 
meeting-house in Warwick ; and one of similar dimensions lies on 
the western slope of Hoosac mountain in the north-east part of 
Adams, at least 1,000 feet above the valley over which it must 
have been transported. One of granite lies at the foot of the cliffs 
at Gay Head on Martha's Vineyard, which is 90 feet in circum- 
ference, and weighs 1,447 tons. In Winchester, New Hampshire, 
I recently met with a block of granite 86 feet in circumference. 
It is near the road leading to Bichmond. I noticed another 
in Antrim in that State 150 feet in horizontal circumference. 
Finally, at Fall Biver was a boulder of conglomerate, which origin* 
ally weighed 5,400 tons or 10,800,000 pounds. 

Smoothed, Striated, and Furrowed Rocks in Place. 

Descr. One of the most remarkable effects of drift action, is the 
smoothing, rounding, scratching, and furrowing of the surface of 
rocks in place. 

Rein. 1. Although this is a very common phenomena, especially in th« 
United States, yet until within a few years, scarcely any example had been 
pointed out by geologists ; a proof of the little careful attention that had 
been given to the phenomena of drift. The following examples are only a 
selected few, out of the multitudes which have been observed in this conn- 
try. 

Renu 2. Care must be taken by. the observer, not to confound these fur- 
rows and striffi with those grooves on the sur&ee of rooks produced in the 
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diraotioQ of the oleaTage planes, or the planes of stratification, hy the unequal 
disent^;ration of the harder and softer parts ; nor with the furrows between 
the Teins )f segregation, produced in the same mauner ; nor with ripple 
marks. In fine, it is best not to consider any case as of decided glacial ori 
gin, unless the grooves cross the planes of deavage and stratincation at a 
considerable ao^e. Such are all the cases mentioued below. 

Sxam. In the state of Maine is a good deal of slaty rock, often standing^ 
upon its edges, that admirably resists atmospheric agencies , and hence it 

f resents a luultitude of examples of well-marked striffi. Around the city of 
ortlaod, they are very abandant and very distinct ; having a direction K. 
IQO to 16° W., and S. 10° to IS® E. Farther east, as at Hope and Apple- 
ton, they run nearly N. W. and S. £., and some of them are a foot in depth, 
and six mches wide. Firtt Report on the Qeoiogif of MainCj p. 56. In other 
parts of the State, the direction is nearly north and south, or even inclining 
a few degrees to the N. E. and S. W. Second Report on the Geology of Maine^ 
p. 91. In the eastern part of Massachusetts and Rhode Island I might name 
mty places where the strisB are obvious and distinct. In Essex Ooun^, Mass., 
they are very frequent on the hard syenite rocks ; though often these are 
merely smoothed, and sometimes almost polished. They are visible on the 
gneiss at the top of the Wachusett mountain, the highest in the eastern part 
of Massachusetts ; being 2,000 feet above the ocean. The precipitous nilla 
and the lower grounds of the valley of Connecticut river, are covered with 
them ; and here as well as in nearly all the eastern part of tB^ State, their 
direction is nearly north and south, usually, however, inclining a few degrees 
to the east of south, and west of north, and very rarely the other way. The 
high mountains west of Connecticut river, embracing the Hoosac and Taconio 
ranges, some points of which rise 3,500 feet above the ocean, exhibit very 
numerous examples of the smoothing and furrowing effect of this supposed 
glacial agency. Gray lock, the highest point in Massachusetts, is so covered 
with soil and trees, that the rocks are very rarely seen ; but on that spur of 
the mountain called Bald Mountain, whose top is a few hundred feet below 
Graylock, the scratches are obvious, as they are also on the north-east side 
of tne mountain. The high conical mountain in the town of Mount Washing- 
ton, (called Mt. Everett,) which is 2,600 feet above the ocean, has been worn 
over its whole surface, and the striae are still visible in many places ; although 
the rock has been so long exposed naked to atmospheric decomposing agen- 
cies. Similar markings are manifest on the top of Tom Ball, a high moun- 
tain in Alford, and they may be seen throughout the whole extent of the Ta- 
conic range, which on its west side is very precipitous. A large proportion 
of these grooves run N. W. and S. E., but some of them approach nearer to a 
coincidence with the meridian. The rock is mica and taicose slate, and in 
some instances is laid bare for a great distance, so as to show the smoothing 
and furrowing of its surface over a large extent. Indeed, one cannot stand 
upon these loftv and precipitous ridges, and witness this phenomenon, with- 
out being struck with the great power and extent of the agency that has thus 
left its traces upon some of the most elevated spots in New England. Be- 
tween these mountains and Hudson river the rock is crossed by markings 
running N. W. and S. E. Near the city of New York, according to Prof. Gale, 
they run in the same direction. In the western pai-t of New York, they are 
numerous, and they run sometimes S. S. W. and N. N. E. They are common 
also upon the mountains of Pennsylvania; and also in Ohio, Michigan, and 
Illinois, where their most usual course is from N. W. to S. E. 

The hard gray limestone in the vicinity of Rochester and Buffalo in New 
York, and on the banks of the St. Lawrence, as well as in Ohio, is often 
■moothed and polished by thia agencf almost like marble. Am» Jtmr, Sci" 
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tiue, vol. xiTTiL,p. 2W, and Tol xsxr., p. HI. Alxt, Rtptrtt o» At Htm 
York Oeological Survey, 

MouDt MoDodooc ill New Hampahire, S,SSO fe«t high, ii littie eUe Qua a 
naked mass of mica elate of a peculIaF diaracter, almoat destitute of itratifi- 
eation. And from top to bottom it bas been ecarified on ita Dorthem and 
vestem Bides. On its lower mrta, eepedallf on tbe aouth-weit aide, the 
•trim run about S. W. and S. £. b; tbe ma^etio needle ; at tbaj do in the 
oouDtry arouDd the mountain ; but wben we approach ite top. the course 
chaogee to N. 10° W. and S. 10° E. Other Btriu are Been here on *teeper 
Blopea, both northern and Boutheru, tbau I have fonnd elaewhere. Deep Ar- 
rows are also met with here, and Bome other peculiar phenomena oonneoted 
with glacial action, which will be described farther □□. 

In the White Monntains of New Hampshire, I have diaeoTer«d an exam- 
ple of Btrife with other drift phenomsiia, at the height of nearly S.OOO feet 
above the ocean, on the Boutbern slope of Mount PteasaDt. nearly at the 
highest point, indeed, where there is any rock io place ; all the peaks being 
broken into a multitude of fragmentB tiT frost, 'fiiese Btria rnn N. 80° W., 

and 9. 30° R 

Fig. lis will coDTey some idea of a Burface of rock which has been smaaUied 
and striated in the manner that has heea described. The lines running in 
tite direction a a, show tbe divisions of tjie strata : those mnning in Uw diree- 
tioQ t b, show the strisi, which are perfectly parallel to one another. Una 
figure was copied from a rock of gneiss in Billerioa in Maisachutettf, on tho 
tornpike from Boston to Lowell, near tbe lixteeoth mUestone from Boctoo. 
Thousands of Bimilar examples may be seen in New England. 

Rg; 116. 
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JJeicr. Sometimea we find two or more aete of strue orosrang 
one anotber at a small angle, the lines of each set preserring their 
paTallelism very perfectly. Fig. 177 shows one of these caaeB cop- 
ied from mica slate near the oreat of Monadnoo, several hundred 
feet below the summit. The two sets intersect at an bbkIo of lO°. 
An interesting example is alao described by Prof LooKO. with a 
drawing as occurring in the S. W. part of Ohio, i^ere the atrise 
rnn S. 26° E., and N. 26° Vf. Seamd Re^xm on the Gtdogy 
of Ohio, p. 230. 

Deter. On the eastern continent these striie and Arrows are 
exactly of the same character as in our ooontry ; although lew 
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mmmon in Grekt BriUin than in New England; partly on kfl- 
eonnt of the natnre of the rocks, which are unfavorable to their 
preservation. Hence, until recently, they have been more fiiUj 
described by American tbui English geologists. 

Deter. lu SootUiKl however, thej were noticed long ago. by Sir J&mei 
Hall, on grsenttooa and other roctu. haviog a direction VS. Vf. and S. E. A 
timiUr am* it mentioned in Iforth Walea, and in the Brora ooal region of 
Sootkod, whara th^ nia S. N. W. and S. S. E. Dr. Buckland im pointed 
nat aeveral eiamplea in that oonotry, which he Buppoees resulted rnHn 
the deieant of anowct glaoiera from the raouDtaiDB. Their cBneral (wutm 
U IT. N. E, aod 3. S. W. " Monsieur SefBtrom," bsjb the diatmguished Ber- 
■aliiu, "has found that the north.esBt parts of the mountiuns of Sweden, 
are, throui;hout ronnded and worn fmm the base to the summit, so as to 
resemble at a distaDoe, sacks of wool piled upon each other. Tlie south-weat 
sides of the«e mountsina present almoet fresh fractures of the rooks with 
Qt^ angles rounded little or none. Still further eaiit in Northern Buasia, 
the striiB have a direction N. W, and S. E. or N. S. W. and S. S. E. oorre- 

rdingtothe course taken bj the boulders; and in one instance these bonl- 
have been trfioed t» their native bed 600 milea distant. ifureAison and 
Vemeuil on /A* G'ological Slnutwre of tht Jforlktrn imd Cititral Regiotu 
of Rumia in Europe, p. 18. Lond 1S41. 

Rg. 117. 



JW Sell of Slria: Monadnoe. 

Deacr. A oarefiii examination of the mountains of New Eng- 
land shows that their northern and Dorth-westem sidea, like those 
in Sweden, are worn and rounded throughout. An interesting 
example is Monadnoe in New Hampshire; which is the more 
■trikmg, beoause it is mostly naked rook. The aurfeoe of the 



THE STOSS AND LEE SIDES. 247 

mountain is very uneven ; but the protuberances are nearly all 
rounded, and few are left angular, except on the south-eastern 
side. The axis of the intervening hollows usually corresponds 
nearly to the direction of the strias ; so that the surface appears 
like the swell of the ocean after a storm. Seen in a certain direc- 
tion these swells appear like domes. Fig. 178 will give some 
idea of a spot on the south-west part of this mountain about five rods 
square, this appearance corresponds precisely with that in the Alps, 
denominated by Saussure roches moutonnees^ produced by glaciers. 
' Descr. When rocks or mountains have been thus acted upon, 
we can easily see which side has been struck by the denuding force, 
because that side is rounded or embossed. In Sweden this is 
called the stoss^ or struck side. The other is called the lee side. 

Inf, If we find embossed rocks and the strida are all obliterated, 
we can, by the above principles, determine the direction of the 
force by which they have been rounded; because we can ascertain 
which is the stoss^ and which the lee side. 

Rent. 1 . The stridB on rocks are obliterated with comparative 
ease ; but the embossed rocks can hardly lose their form by the 
ordinary natural agents ; because those act on the whole surface 
almost equally. Hence the characters of these rocks (and they 
occur almost everywhere in the northern parts of our country) 
should be studied with care by the young geologist. 

Rem, 2. I found that long familiarity with phenomena of this 
description in our country, was of great service to me in tracing 
out the former great extent of glaciers in the mountain valleys of 
Wales and Switzerland. For I could see how high upon the sides 
of those valleys the glaciers once extended ; that is, as high as I 
could see the embossed rocks. Above that line the rocks were 
jagged and pointed. I recollect particularly how striking this 
distinction was in the Pass of Uanberis in Wales, and along the 
Tete Nair Pass in the Alps. And I have since found this phe- 
nomenon a safe guide in determining through what valleys on the 
flanks of the Hoosac and Green Mountains glaciers once passed, 
and in which direction. 
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Ilg. 179 ahoTB similar embo^ised rorks near the top oF the White Moon- 
tuiu in New Hampshire, near the peali aiiled Mount WuhingtoD. It is the 
higfaMt spot OQ tboEc mountsina vhere the rock ia in place ; ^ing 5,000 feet 
abore the ocean. The peak rise* 1,200 feet higher ; but the snr&oe of the 
roek is entirelj' broken into b-agmenti Viy frost Tha loosa frigmsnts on the 
draTiDg we boulden. 

11' 
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Dner. Hm ■ummit of Hoimt Holjoke in Musachiuetts, wUch has beat 
V«rj mneh abraded by the ageac; under consideratioa, Bomet' 
Huulated humrnocks of greenstone, reaembliDg the "sacks of w 
b; Se&troom, u ihoirD in Fig. 180. 



Bvmaieek oh Holsoke. 

Deacr. Sometimaa, instead of strite, we find the samniit of a 
momitain ploughed into deep fnrrowa, which enlarge ao as to form 
deep parallel valleys. 

Sxam, The most remarkable eismple of this kind that I knoir of, is the 
tnniaiit of Hoimt Holyoke, mentjooed abuTe. ThJa is a narrow, very precip- 
itous ridge of greenstone. risiDg 700 or 800 feet aboTe the Talley of the Cod- 
neotieut, and lying in the curvilinear direction ehovn on Fig. 181, where tha 
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line N S represents the meridian, and corresponds to the dircHstion taken 
there by the drift, which struck the mountain from the north. On that side 
the mountain is a nearly perpendicular wall of pock. Yet the summit is 
intersected by numerous grooves and valleys in the direction of the lines A, 
A, A, A, N S, from a few inches to several hundred feet deep. And not only 
do we see the marks of abrasion in the bottoms and on the sides of these val- 
leys, but the fact that they preserve their parallelisn^ so perfectly, although 
the mountain curves so much, shows that they were produced by some 
abrading agency rather than by the original structure or elevation of the 
mountain. For had they resulted from the latter causes, we might expect 
them to change theur course to the lines B, B, B, as the mountain contin- 
ued to curve more and more. 

Inf, 1. These farrows and valleys must be imputed to the joint 
action of ice and water. If water alone were concerned, the val- 
leys could not have so nearly preserved their parallelism. Indeed, 
unless the large valley around the mountain had been filled with 
ice, it is difficult to see how streams of water could have flowed 
over its summit so as to produce these valleys. Ice alone, moving 
over the top, might have begun the work, (and this would explain 
the parallelism of the valleys,) but could not have made so deep 
erosions without wearing down the intervening ridges. Moreover, 
these furrows and valleys correspond well to the joint action of 
glaciers and water in the Alps, and there they are called lapiaz or 
Uupiz. See Ktudes sur les Glaciers. 

Inf. 2. It appears that in all cases the striae, furrows and val- 
leys, that have been described upon the surface of rocks, corre- 
spond in direction to the course taken by the drift, and thus the 
two classes of phenomena are proved, to have resulted from the 
same general cause. 

Descr. The striae are rarely met with on pure limestone, on ac- 
count of its great liability to disintegration. Most of the coarse 
granites and conglomerates, as well as gneiss, are so much decom- 
posed at the surface, as to have lost all traces of these markings. 
G-reenstone, syenite, and porphyry, are frequently rounded and 
smoothed ; but the markings are usually faint on account of their 
great hardness. Upon the whole, the upturned and smoothed 
ledges of talcose, micaceous, and argillaceous slates, retain these 
markings most distinctly. But where the soil has been removed, 
almost every rock presents them to view. And were the rocks of 
New England to be entirely laid bare, I cannot doubt but a third 
of the surface would show marks of this scarification. 

Transport of Drift from Lower to Higher Levels. 

Prin. In some instances the drift has been transported from 
lower to higher levels. 

Proof 1. On the northern slopes of mountains the strisB not unfirequentlr 
pass from the top to the bottom without essentially changing their parallel- 
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itm. lU* i* Um eaM on UiKint Ifonwlaoo ii 
MDootliad uhI Btri^ad anrbM u Bometimea ii 
50° or 110°. Id tUi oaw the aiigalu rocb are rouaded on Uie oorthnm, but 
not on th> sontharii ilope, u 
done by u> ucendiiig >ad d 
moaDtaio, hovarer, atrin mre eeen od quite steep sauther]y slopea. But this 
ia «D nnnao*] oaaa. On tbe vest aide of Taoomc and Hooutc mountaiai io 
HaaaaehnwtU, the atria) ouf be aeen aoinetimes, conuneDcing several hun- 
drad feat below the top ; and aH the drift in that region has been carried 
■oulh-euterly ; which pro*ea tba force produdng the abraaiDa to have beM 
upwarda. Anal Rtport on titt Ov^ogy of Mattathmelti, toL 2, p. 308. A 
■imilar oaae occur* ia Boaaia. MtirchiioH and Vernmil on Ike OeoL of Rut' 
no, p. 12. !. Boulder* are found tranaferred from a lower to a higher leveL 
For example ; tba quarta roek of Berkahire eonntj has been strewed all over 
the top of Hooaae motutaili, whidi muat b« at lent aeveral hundred tevi 
ahoTe any ledge of quarti, from which the boulden could have been d«- 
rWed ; aiul the Silurian roeka of New York have been carried over l^oooio 
noonbun and lodged apon the Highlaada in New York, as well as upoD 
HooMM monatain. 

lodges ef Soctafi'actured by Glacial Action. 

Dater. Id aereral iDataoec* I bar* foood the perpeodicular atrata of alaty 
roeka brokeo and parlUUj kDoeked over, near the •mnmit of hill^ to til* 
depth of tan or fiftaaa fed, ao as to produce horiaontal fiaaurea of aeveral 
iBehaa wide; and I eaiuiot doubt bat they are the reault of glaeial tigtaaj. 
Vi§. ISI wiU giv* an idea of oae of tlieae caace, in a quarrj of claj alate, lu 



GuiUbrd, VL In this iDataooe the force which thus crushed the lop or we«t- 
ern alope of the hill, mnst hare been directed towards the weHt. AnoCber 
eaae i* la Hiddlefield, in Maaauhuietta. in hornblende elate, nnit the siiot i* 
MTcred by twenty fuet of drift. J^noi R,paH on Ih.- Qcol. ,!/-.*»,. |>. 398, 
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▼oL S. It was brought to light by an ezcavation for the western rmUroad. 
The force to produce each an effect must have been prodigiouSb 

Deser, A tnird case occurs in Lowell, and is described id the Transactions 
of the Association of American Geologists, vol. 1, p. 209. Profl C. B. Adams 
has, also, discovered similar cases in the slate of Dummerston, Vermont. 
Second Annual Report on the Geology of Vermont^ p. 181. Analogous oases 
have been given by Mr. Charles Darwin, as occurring in Scotland, which he 
refera to the action of icebergs, lifted up and down by the tides ; and we 
might add, by the waves. This theory seems y^y plausible, and is certainly 
the best that has been proposed. New Phil. Jour.^ Oct. 1842, p. 858. 

Dcscr. In 1850 I visited the slate quarries at Llanberis in 
Wales, and found in several of them, which were more than 1,200 
feet above the ocean, striking examples of this crushing action 
upon the layers. At the highest quarry, 1,980 feet al^ve the 
ocean by my aneroid barometer, a ditch was cut across the layers 
of slate, 20 rods long, and the layers the whole distance to the 
depth of from 10 to 20 feet, are knocked over by a force directed 
down the hill. Now, since there are unequivocal evidences at a 
lower level, that a glacier once descended this valley in the same 
direction, I cannot doubt that this was the agency that fractured 
and bent the slate. An iceberg, if it could have acted on so steep 
a hill, would have bent the layers in the opposite direction. I was 
told by my guide, that on the opposite side of the valley such is 
the fact; but this is uncertain. Though Mr. Darwin's explanation 
of this phenomenon may apply to otner localities, I think it fails 
here. 

TVains of Blocks not Rounded, 

Deter, Another very remarkable series of fiusts, evidently the result of the 
drift agen^, has lately been brought to light in New England. It eonsista 
of trains of large fragments of vo&i, not at all rounded, yet streaming off in 
the direction in which the driffc agency operated, in a straight line from the 
eminence from which they were broken. The first case of this kind was first 
noticed by Dr. S. Reid, m Berkshire Oounty, Massachusetts, and described 
bjr the author of this work, in Arner, Jour, Set,, vol 49, p. 258. The moun- 
tain from which the blocks of hard talcose slate haye been torn off, lies in 
Ganaan, New York ; and from thence they lie in trains, running for a few 
miles S. 56^ £., and then changing to S. 84° £., and extending yet farther, 
making in the whole distance not less than 1 5 or 20 miles ; at least one of 
them extends that distance, passing obliquely oyer mountain ridges some 
600 or 800 feet high. Its width is not more than 30 or 40 rods. The blocks 
are of all sizes, from two or three feet in diameter to those containing 16,000 
cubic feet, and weighing nearly 1,400 tons; and in some places they almost 
coyer the surface. The trains lie upon the surface of the common drift, and 
are not mixed with it. An analogous case has lately been described by Prof. 
C. B. Adams, in Huntingdon, Vermont. Second An. Report on QeoL of Ver- 
mont, p. 128. 

Inf. L These blocks must have been scattered as one of the latest results 
of the drift agency. 2. Water alone could not have done it. 8. It was 
probably the result of water and ice. 4. But the precise manner in trhioh 
this iii^Kncy operated, appears to me not yet understood 
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Vertical and HonzontaZ Limits of Drift Agency. 

Deter. It <nn hardly be doubted that this agency waa mainly confined to 
the colder regions of the globe. In the United States drift rarely appears 
south of the Ohio river in north latitude from 88^ to 40^, though some boul- 
ders are seen in Kentucky, and the grarel of drift is seen much fiEffther south 
in the valley of the Mississippi Farther east the southern limit of drift rons 
along the northern part of Pennsylyania, though it appears along the Susque- 
hanna and Delaware rivers farther south. Perhaps 40^ north latitude is its 
average limit, and according to Mr. Darwm, drift is first met with at about 
the same degree of south latitude in S. America. Prof, H, D. Rogers* Ad- 
dress at WaehingUm, before GeoL AeeoCt May, 1844, p. 46. LyeWs TVaveU 
in N, America^ vol. 2, p. 60. 

Deter, In some parts of Europe the drift agency did not extend to the tops 
of high mountains, nor was that upper limit horizontal In the Alps this 
upper limit varies from 8,000 to 8,000 feet, and its inclination is never quite 
three d^ees. 

Descr. In this oonntry the upper limit appears to have been a 
little over 5,000 feet ; though there is but one spot east of the 
Rocky Mountains-, where we have an opportunity of deciding this 
point ; and that is in the White Mountains. Up to the foot of 
the peak called Mount Washington, there is evidence of drift 
action. But for about 1,000 feet below the summit, the surface 
consists solely of angular fragments of coarse mica slate, which 
have been formed by freezing, but which never have been removed. 
Mount La Fayette, at Franconia Notch, which is not so high as 
Washington by 1,000 feet, although covered with loose fragments, 
appears to me to have been swept over and somewhat modified by 
the drift agen<nr. When the Bocky Mountains become accessible, 
we shall doubtless learn new and' interesting facts on this subject : 
and the same will be the case, if a centre of dispersion should ever 
be discovered in the northern parts of our continent. 

2. Modified Drift, 

Descr. Whenever there is evidence that the coarse drift has 
been acted upon by waves, or currents, subsequent to its produc- 
tion, whereby the fragments have been roundea, comminuted, their 
striae removed, and those of different sizes, sorted and arranged in 
different layers, I denominate the mass Modified Drift. 

Rem. 1. It should be understood, that not unfrequently, es- 
pecially near the outer limits of drift action, we find beds of 
modified and re-arranged stratified materials, beneath, and in the 
midst of coarse drift ; nor is it possible in going upwards, to draw 
a definite line between modified and unmodified drift. We can 
only say, that usually the coarse drift lies lowest, and shows less 
effect from water than the materials lying higher in the series. 
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When we compare layers of the deposit at a considerable vertical 
distance, the difference is very distinct, bat not so with those in 
immediate proximity. 

Rem, 2. Hence it seems almost certain, that drift and modified 
drift are the result of the same general causes, acting under modi- 
fied conditions of the surface. 

Rem. 3. The most plausible supposition is, that most of the 
drift proper was produced by the joint action of oceanic currents, 
loaded with ice, with the aid of glaciers, while the land was sinking 
below the ocean ; and that the modified drift was the result of the 
action of that same ocean, as the land rose out of it, and of the 
lakes and rivers that were the consequence of a drainage of the 
surface. The proofs of this theory will be given farther on. But 
I state it here, because the facts will be better imderstood on thia 
supposition. 

Descr, Modified Drift embraces Osars, ancient Submarine 
Eidges, Sea Bottoms, Beaches, and Terraces. 

Rem, Some statements as to the means of .distinguishing fennine drift 
from modified drift, oceanic from fluviatile action, and that of ice from that 
of water, will be important, preliminary to a description of these several 
forms of modified drift. 

Descr, 1. Drift proper is the lowest part of the alluvial forma- 
tion. 2. The fragments are coarser and less rounded than in 
modified drift. 3. The fragments are frequently striated in one 
direction, as if held firmly, say by being frozen into ice, and pushed 
over a rocky surface. 4. The materials are not generally sorted, 
though there is evidence often that water was acting upon drift, as 
well as ice, during its production ; so that in the same mass we 
find one portion mixed confusedly together, and another portion 
more or less stratified and laminated. 

Descr. 1. In modified drift the fragments are rounded, smoothed, 
and destitute of striae. 2. They are sorted and arranged in lay- 
ers ; the coarser and finer alternating. 3. In the most recent of 
these layers, which are superimposed upon the others, though 
usually lying at a lower level, the finer do the materials become, 
until the almost impalpable powder of alluvial meadows is met 
4. The most recent portions are deposited in a more nearly hori- 
zontal position ; the surface becomes more and more level topped, 
and the terraces more regular, as we descend the side of the valley. 

De^cr. 1. The deposits formed by the ocean are generally 
more irregular on their surface than those from lakes and rivers, 
and less perfectly stratified. 2. These deposits occur sometimes 
in positions (as when they fringe the side of a mountain, where 
there is no corresponding elevation opposite), where no rivers can 
ever have existed. 

Deticr 1. Deposits by lakes and rivers are found on the side0 
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of TftUejs, or wide basinB, or at the debouchure of emaller into 
I&rger valleja. 2. These deposits nsnallj slope downward in the 
direotioD in which the river runs, and at the same or a more rapid 
rate than the river. 3. Flaviatile deposits are generBlIy made up 
of more perfectly comminuted and finer materials than oceaiiio de- 
posits ; as if the former were made in more quiet waters. 

DescT. The effects of ice upon the solid ledges has already been 
given, in treating of glaciers. When huge masses of it are moved 
alonff, either in Uie form of glaciers, or icebergs, among loose ma- 
terials, it is obvious that they would plough furrows, — pile up s 
ridge in front, and disturb, fold, and dislocate the regular layers 
of aaad, gravel, and cUy. A similar effect in disturbing the 
strata might result from Uie melting away of masses of ice, which 
are frequently mixed among the regular alluvial deposits in cold 
countries ; or by stranded ioe floes, aroond which alluvial materials 
had gathered. The following sketch. Fig. 183, taken in a cut 
through drift somewhat modified, on the Amherst and Belchertown 
Railroad in Amherst Massaohnsetts, will illustrate these effects ; 
though I am unable to say which of the above causes has here 
operated : — perhaps both. In this ease \ha coarsest materials (of 
northern origin) he upon the surface. 

Kg. IBS. 



U-^^^ 



.^^ 






Stction on AmhtTit Railroad. 

Rg. 184 shows a eiwe developed in Palmer, MaflmoliiiaettB, by the eicftva- 
tioo of the weatem rail road, lie bank it SO roda lou^ and GO feet bigb ; 
ar.d nlthongh mwl .>f the eliff U gmel sand, nnd r-onna bnulJerj, jet in tb« 
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uidat ara d«po«ita of fiiM bla« cUj. Some put of Iha graTcl u also stnti- 
Bed, with B dip of 26°. I iiupeot tiiat in thii cue the hill tm moTcd b; ■ 
mau of ice after the clay \taa depoattad. 




Section in modified Drift : Paltrier. 



Deser. Deposits of Ictose materi&ls ftom water alotte, are dia- 
tingulshed by two cirDumataDces. 1. The materials are, as a 
general fact, arranged in horizontal layers; although in some 
places of limited extent, tliey may be urged down a slope, and pre- 
Bent a lamination coDsiderably inclined, as in the following sketch. 

lilui. Fig. 18S BhowBacllffof tliia sort in Uibridge in MassndiuHett*. about 
1 5 rods long and 10 feet high, tfot only have we here stratification, but that 
obliqaa huDiDation which is the reault of depoBttion from water upon a ateap 
■lop«. The materials are land and grr.vel 



Descr. 2. The materials are sorted into finer and coarser, and 
arranged into layers one above another ; often passing into each 
other by the moat delicate gradation. 
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Inf. Whoraror we find a deposit with these two oharuters, w« 
may be sure that it ia the result of the action of wat^r and depou' 
tion by it. 

Deicr. If I mistake not, we find examples of the joint aotion of 
icebergs and water in those curious conical or irreguUr elevations 
and depressions with tortuous or nearly strait ridges of sand and 
grave], which aboond in the northern part of our country and also 
in some countries of Europe, and which are formed of modified 
drift. In almost all cases these elevations are composed of sorted 
sand or gravel; but sometimes boulders of considerable size are 
interspersed through the mass. 

m«i. In Nev E^land tb«ae aoaumulatiinu are v«rj cainiiion, and Bome- 
timei tber are ao crowded together ss to exhibit a pictnre^ue appeareniie, 
being made apof tortnoni and oooical alavations wim deep interveQiDgmvi- 
liei, u if eoooped out by th« haud* at a Tiloo. The most remarkable eiam- 
pies that I have ever eMO, are in the rieiiiit; of Plymouth ta HaBsachusetta, 
and near the eztmnitj of Cape Cod in Truro, where tbeyare aometimea SOO 
or 300 feet high. In Trnro they are oomposed wholly of uad, and they give 
a iingnlar ai^ct to the ludseape. Fig. 1 S6 represent* a atnall portioo of 
the mrbae near what is oaliad the Harbor in Truro. 



Slutch in TVura 

Dexr. In Plymouth and Barnstable counties this irregular Bur- 
face is distant from 50 to 1 00 miles from an; monntains much more 
elevated than themselves. 

S, 187 ezhilHts a eimilar group of hiUi and boles though muoh \«m ele- 
in the eaiC part of Amheret, about two miles from (he Oolite. Thea* 
ire made up entirely of gravel and aaud, with perbaps a few bouMera. 



Kg. 187. 



/n Amhertt. 

Rem. 1. Before the Rev. Justin Pefkiaa, now Amerloan Miwionary at 
Ooroomiah in Persia, left this country, I showed him the apol exhibited oo 
thf above figure, and requested liim to notice whether an; similar appear- 
aneea e:d8t in central Asia, especially in Armenia. In a letter received 
from him after he hod passed through that country, he aays, that before 
he reached Mount Ararat, aod on the vast plain on iti north side, "we 
passed man^ sections of dilurium much like toe one ve Tieitedbaok of Am- 
herst." Being now (March 1643) od a visit to this country, he informa 
me, on the aothority of Rev. Mr. Johnson, American Misaionarj at Trebizond, 
«i the Sack Sea, that sach moraines are common in Oilicia in Alia Minor. 



Jlltu. A Bimilar group but less conical, is shown on Fig. 1 89, as they ap- 
pear at the east part of Mraiament Mountain, ia Berkshire Conotj, busw- 
obnsetts 



HORAnfK TERSACES. 
Pig. 1B9. 



Momiment XL 

Rtn. 1. Id the SbUoal R«sesrcheB of Robinson uld Smitii, tumuli umibr 
to the above tre described as exiBtiiig near Jericho, on ths weat side of Om 
rirer Jordui, not far from ita mouth. I reqiieated Dr. RobiDBon, on a resent 
viiit to Amherat, to go to the spot in that town repreaented on Fig. 187 ; aod 
ha Buurea me that Oxe materials are the eame in the tumuli near Jericho m 
m Amhent ; but that the former are insulated and conicaL ifeieareAei, vol. 
t, pp. SM, £07, 298. 

Dexr. Sometimee these aocamnlatioDB of detrituH aaBome tho 
form of dbtinct ridges, which are oooaaion&llj eurvilinear, like the 
terminsl moraine of a glacier, more frequently they approach a 
rectilinear form, end eometimeB are quite strait for a ooBBideraUfl 
distance. The case represented below, Fig. 190, sliona several of 
these ridges as thej occur near the Shawsheen river io Andover, 
Massachusetts. One is called the Indian Bidge, and is a mile and 
a half long. The west ridge is still louger. They are narrow, 
nsnally not more than four or five rods wide, and from 15 to 30 
feet high. Some of them are composed of sand and fine gravel, 
others of coarse gravel with large boulders intermixed. This 
■ketch is laid down from a survey of the principal ridges made by 
Professor Alonzo Gray of Brooklyn, N, Y. See Trans. Assoc 
Amer. Geol. and Nat., vol. 1, p. 198. 



Fiff. lao. 




i9u6i«iinn< Bidget: Andovtr. 
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ThBory of the Mounds and Ridges. Some have called these 
ridges Osars, such as occur in Sweden and other parts of Europe. 
But those which I have seen in Ireland, and found described in 
Scandinavia, are nearly or quite strait, and none of them so long 
as the ridges in Andover. Grai/ and Adams^ Elements of Geoiogi/, 
p. 144. I have described them formerly and the mounds also, as 
Iceberg Moraines : produced by the grating along of icebergs upon 
the bottom of the ocean. But the ridges appear to me too crooked 
for such an origin. Water appears to have been the chief agent 
in their deposition. If thick layers either of stranded icebergs, or 
masses of ice, interstratified with detritus, once existed on the 
sides of the valley of the Shawsheen, the stream, whether oceanic 
or fluviatile, might have piled up materials in front of the ice, 
which, on the melting away of the ice, would form these singular 
ridges. And essentially the same explanation is the only one 
which I can give of the irregular mounds and depressions ex- 
plained and represented above. I now apply to these mounds and 
ridges, the general name of Moraine Terraces. 

Rem, 1. Some geologists have regarded these singolar accumulations as 
the morainefi of ancient glaciers. But the fact that the materials are so 
thoroughly comminuted, as they usually are, and especially are sorted, so 
as only water could do it, is decisive evidence that m theur present form 
they are of aqueous origin. It would not he strange, however, that if they 
^ were dug through, it should sometimes be found that the internal parts are 
coarser and mixed oonfusedly, as Professor Studer says is the case with some 
gravel mounds of the same sort, at Berne, in Switzerland In such a case 
they may have been originally moraines, whose outer parts have been subse- 
quently re-arranged by water. I have never seen any example of supposed 
moraines in this country, with the exception of a few on Westfield ana Deer- 
field rivers, that was not of this character ; if indeed it ever was a moraine. 
I should say the same of similar examples, so far as I noticed them, (as for 
instance those near the marquis of Breadalbane*s lead mines, and on the 
north side of Ben Nevis,) in Scotland. 

Rem. 2. It is an interesting fact, that these picturesque mounds and de- 

Sressions have been chosen as the sites of cemeteries. This is the case at 
[ount Auburn in Cambridge, Mount Hope in Rochester, at Plymouth, Massa- 
chusetts, the oldest burying ground in New England, — at Newburyport, 
North Adams, <&c. 

Rem, S. Probably some of those mounds ui our western States, that have 
been regarded as the work of man, are examples of modified drift. We 
have testimony that the materials of some of the largest, when cut through, 
have a stratified arrangement, such as water alone could produce; and, 
moreover, they are too large and numerous to have been of human orig^ ; 
although such occur in those regions in large numbers. Illinoia Magazine, 
vol, 2, p. 252, Am. Jour. Sciy vol 34, p. 88. Vanuxem's Report on the 
Geol. of New York, p. 247. 

Forms of Modified Drift, 

Descr. Osars Os, in the Swedish language, signifies ^' a pile of 
gravel :" Osar is its plural. They are ridges of sand, grayel, and 
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bonldsrs, Bomedmes only a fair rods, uid rarely a mile long, lying 
in the same direction as the Btrise on the roeks in a given region, 
having a somewhat rounded back, and 
Fig. 191. not unfreqnently proceeding in a triua 

&om the tee side of a rock or hilL They 
Heem to have been formed by a power- 
ful current, whioh aooumulated tbe de- 
tritus behind the obstruction in a taper- 
ing train, resembling in form an invert- 
ed cauoe. At least, such was the ap- 
pearance of those which I saw in the 
north-east part of Ireland, where the 
direction of their axes was N. W. and 
S. E , and they were composed of sand 
and gravel. But in Sweden and Ros- 
sia they embrace coarse boulders, and 
^ become in fact mere trains of blocks. 
_^ Sometimes tbej appear to iiave aocn- 
^ mulated behind stranded icebergs, whioli 
■« subsequently disappeared, as is shown 
"I in Fig. li)l| which represents the man- 
S ner in which a remarkable Osar, near 
^ Upsale in Sweden, was probably formed. 
-B in this ease tbe lower part is sand and 
'3 gravel, and the upper part a train of 
■* blocks, which probably were derived 
.1" from the melted floe. Murchiion's Ge- 
I dogy of Rv^sia, vol. 1, p. 547. 

g Rem. I am not prepared to point out any 
O example of geauiae Oiari in this country, 
although I have often seoi trains of gravel, 
saad, and boulders of an analogous chsrao- 
ter. But in Ihoae oasei already coosidered 
that ooma nearest to Oiart, tbe ridges are 
too tortuoos and irregular to have been 
formed in the macoer above nietitioaed. Per- 
haps tbe traius of angular blocks, described 
on a previous page, in Richmond, should be 
coDBidered as Oiari. I incline to the opin 
ion that tbey were produced in a manner 
analogous to the Oiart. 

Sim. S. It is doubtful, perhaps, vhetbei 
the Osars should ba Feckoned among drift 
or modified drift; especially, as in Europe, 
Uie boulders are often found lying upon the 
oood and gravel But at anj rate the ma- 
teriala have been mostly vyirted over by 
Vilct, Indeed, the Osors ore found diiefly in level regiona, distant fran 
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mouDtaiDS, where floating ice eould alone have been carried, and gladeri 
could not have existed. 

Submarine Ridges and Sea Bottoms.-^The ridges are composed 
of sand and gravel, which diflFer from beaches and terraces, by 
having a double slope which is usually gentle. They are found 
around lakes more especially, as lake Erie and Ontario ; and are 
there called "Ridge Roads." In a longitudinal direction they 
vary considerably in height, although their general elevation is the 
same. They form fringes around the lakes at considerable eleva- 
tion. Mr. Whittlesey has described four on the south shore of 
Lake Erie; the lowest about 100 feet, and the highest 200 feet 
high. They exist also on the north shore. Mr. Roy has described 
three on the north shore of Ontario, varying from 108 to 288 feet 
in height. Five others, still higher, between 308 and 762 feet, 
have been described by Prof Hall on the authority of Mr. Roy. 
Sir Charles Lyell describes eleven ridges on the north shore. 
Probably some of these are terraces. They occur also around 
other lakes farther west. 

Inf. These Ridges were doubtless formed beneath the water 
when it stood at different levels, and probably near the shore. See 
an admirable paper on this subject by Charles Whittlesey. Amer 
Jour. Sci.j vol. 10, p. 31, Second Series. 

Descr. Ancient Sea Bottoms occupy a large proportion of the 
surface of our country at the lower levels, while the Ridges, 
Beaches, and Terraces, although more striking, are comparatively 
limited. The Sea Bottoms consist of the same sort of water- worn 
materials, strewed over undulating surfaces, which now rise into 
low knolls, and now sink into depressions. On the shore of Lake 
Erie, by rising about 240 feet, the well-marked terraces disappear ; 
and from that level to 650 feet the surface of northern Ohio pre- 
sents the characters of these ancient sea bottoms. A rise of water 
250 feet above Erie, or 850 feet above the ocean, would submerge 
northern Indis^na, Illinois, Michigan, much of New York, and 
Canada West, with much of Wisconsin and Iowa, all which exhibit 
more or less of these sea bottoms. The same is true of the coun- 
try near the coast in New England, especially in Rhode Island 
and Massachusetts. 

Sea Beaches and Terraces. 

Descr. The following ideal section across a valley, Fig. 192, 
will give an idea of the manner in which I have found, as the re- 
sult of the last five years' examination, the detrital accumulations 
to be arranged ; although all the varieties here exhibited are rarely 
found in any one place. As we rise from the river, its immediate 
bank, or meadow, forms the lowest and lateftt terrace, A, which 



964 



TSRftAOBS, BEACBBS, AND DEIFt. 




I 






I 



BEACHES AND TERRACES. 2(>5 

Biftj be increasing from year to year by allayial deposits. On the 
margin of the meadow we come to a steep slope, or talus, whose 
top, B, forms a second terrace. Very frequently tiie lower part of 
this second terrace is composed of clay, and the upper part of sand, 
or small gravel. Another steep slope carries us to a third ter- 
race, C, which is more usually of coarser materials, but thoroughly 
rounded and mostly sorted. A fourth terrace, D, is still coarser, 
and the top less level. Ind^ it is here usually that we find those 
irregular mounds and ridges already described ; that is, they occur 
upon the highest terraces, and sometimes where no terraces exist ; 
but it is always along the base of mountains or hills. When they 
do occur upon a terrace, I call such terrace a moraine terrace, 
Hising above this we frequently find deposits, E, it may be of sand, 
gravel, or coarser but water-worn materials, not having a level top, 
but more or less rounded, and reaching a certain level along the 
side of the hill. These are generally at a great distance from any 
existing streams, and could not have been produced by them, 
though they were at a higher level than at present. In fine, these 
accumulations resemble BeackeSj such as now are forming on the 
coast. Still higher, as at F, we find the unmodified Drift, which 
lies immediately upon the solid rocks, as at G-. 

Descr. The Drift usually passes beneath the Beaches, and these 
beneath the Terraces. 

Descr. On the opposite side of the valley we may or may not 
find terraces and beaches. If we do, it is not often tiiat they cor- 
respond entirely in number and height on the two sides. 

Descr. The number of terraces on a river varies with its size, 
the largest rivers having the fewest in number. Thus, on the 
Connecticut river, the number rarely exceeds three or four ; but 
on some of its tributaries, and those not the largest, as the Ashue- 
lot at Hinsdale, and Whetstone Brook in Brattleborough, they rise 
as high as ten. 

Descr. The height above the streams wbich the river terraces 
attain, is greater the larger the river. Thus, on the Connecticut, 
the highest terrace at Bellows' Falls is 226 feet; on Deerfield 
river, at Deerfield, the highest is 236 feet. On Genesee river, at 
Mount Morris, I found the highest to be 348 feet ; on the Rhine, 
at Rhinefelden, I measured one that was 306 feet. Mr. Darwin 
describes five terraces in the valley of Guasco river, in South Amer- 
ica, the highest of which he estimates at 600 feet. But as he 
makes no distinction between terraces and beaches, perhaps I 
should call his highest terrace a beach. Geological Observations 
on South America^ p. 45. 

Descr. As the river terraces mostly occur in basins that may 
have been cut off from the sea, it is of little importance to state 
the heights of the terraces above the ocean. The fiimous terraces 
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in Scotland, known as the Parallel Boads of G-len Boy, are stated 
by Bobert Chambers to be 1,337 feet above the sea. (See his An- 
dent Sea Margins j p. 330, Edinburgh, 1848.) The highest whieh 
I have found in this country, are upon a small stream in Peru, 
Massachusetts, and are 1,851 feet above the ocean. In Switzer- 
land I measured one on the banks of the Arve, near Geneva, 1,367 
feet above the ocean; near Bonneville, on the same river, 1,603 
feet; near Sallenche, 1,811 feet; above Chamouny, opposite the 
glacier Argentiere, 4,100 feet; still higher on the same stream, 
near the hamlet of La Tour, 4,351 feet; on the Eau Noire 4,218 
feet; and at St Maurice, on the Bhoue, 1,480 feet. But in all 
these cases glaciers or other agencies had formerly blocked up the 
valleys so as to form basins, in which the terraces were formed by 
the streams thence issuing, and not by the ocean. 

Descr. The highest Beaches which I have measured, are as fol* 
lows : In Peru, 2,022 feet ; at the Franconia Notch of the White 
Mts., 2,665 feet; Notch of the White Mts., (Gibbs' Hotel,) 2,020 
feet. The most distinct Beaches, however, rarely exceed 1,200 
feet in height. On Snowdon, in Wales, I found some quite lim- 
ited, 2,547 feet ; in Switzerland, on the west shore of Lake Zu- 
rich, 2,105 feet; between Lucerne and Berne, at Scupsheim, 2,274, 
and between Berne and Yevay, 2,640 feet. From these heights 
down to the present sea level, these beaches may be found ; though 
more often the materials are arranged, more as sand and gravel 
now are on the bottom of the sea, and hence I have included An- 
cient Sea Bottoms among the varieties of Modified Drift 

Descr, Terraces of modified drift occur not only along most of 
the rivers of our country, and I may say the same of Scotland and 
Switzerland, but also around all our lakes, and along the shores of 
the ocean where no rivers empty. Mr. Darwin has described sev- 
eral of the latter class on the coast of South America ; in one part 
not less than seven in the distance of 150 miles, rising at length 
to 1,200 feet Geol. Obs, on S. Amer.^ p. 15. They occur also 
in the alluvium along the coast of the IFnited States, though not 
so high. They are found also around most of our lakes, and even 
some large ponds. All the New York lakes have them, as we 
have already stated in respect to Ontario and Erie. In some parts 
of Lake Superior, they are numerous. Professor Agassiz speaks 
of ^^ six, ten, and even fifteen on one spot,^' forming, as it were, the 
steps of a gigantic amphitheatre." (See his Lake SuperioTf p. 
104.) This is on the north shore. On the south shore they have 
been described by M. Desor. Foster !f Whitney's Reportj part 
1, p. 194, and part 2, p. 248. Around the Great Salt Lake in 
Utah we find not less than thirteen terraces, the highest 200 feet 
above the plain. Annual of Scientific Discovery for 1852, p. 
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Mode in which Osars, RidgeSy Beaches, and Thrraoes }*ave been 

farmed, 

1. Water has been the essential agent in the production of them 
all ; and with the exception of the Beaches, the deposition must 
have taken place beneath the surface. For first, the materials 
have all been comminuted and rolled by water. Secondly, they 
have been assorted and arranged horizontally, with a few excep- 
tions, explained by the presence of stranded ice. Thirdly, we 
know of no other agent but water that could produce these effects. 

2. ' The Submarine Eidges were produced by the action chiefly 
of waves upon sand and gravel beneath the waters. Osars are the 
result of strong currents, drifting and partially sorting the mate- 
rials, and placing them as a train behind some obstruction. 
Beaches were produced by waves of translation, urging the mate- 
rials upon the shore, where they were afterwards modified by winds 
an4 fiuviatile agencies. Terraces were formed in more quiet 
waters, where the materials were spread out evenly ovor the bot- 
tom; and as the waters subsided, they may have acted on the 
inner margin of the terraces to give them a steeper slope than de- 
position could do. 

Inf. 1. Hence we find terraces most abundant around mountain 
lakes, and along those rivers which pass through a mountainous 
oountry, and which, at a higher level, formed a succession of lakes. 
When they occur along the sea coast, it is in those places where 
the waters, when they stood at that height, must have been most 
sheltered from breakers. 

Inf 2. As high as we can find in any country, modified drift, in 
Uie form of Osars, Beaches, and Terraces, we may be sure that 
water has stood for a long time since the drift period. For no 
other agency could have produced such phenomena, nor could a 
transient submersion, have been sufficient to account for the facts. 

Inf 3. The water that could have formed the highest of these 
deposits, — the upper beaches, — ^must have been oceanic. For I 
have found these beaches in our country as high as 2,500 feet,— 
certainly 2,000, — and a body of water, standing at that height, 
must have communicated with the ocean, because no barriers could 
have existed high enough to cut it off from the oceaa This is 
illustrated by Fig. 193, where a beach of comminuted and water- 
worn materials is shown at a great distance from the ocean, and 
high upon a mountain, above all the mountains lying between tue 
spot and the ocean. Such is, in fact, the position of many of the 
old beaches in our country, at various altitudes. On Snowdon, in 
Wales, I discovered, I thought, less striking and limited beaches 
2,540 feet above the ocean ; and in the great valley of Switzer- 
land, detritus deposited by water, 2,640 feet above the sea; and I 
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presume no btrrier ozlsts between these beaobes and the ocean as 
bigh as 2,640 feet 

Inf, 4 Hence I infer that the above oonntries, and especially 
oar own, have been beneath the ocean to the depth indicated by 
the beaches, since the drift period, and have gradually emerged to 
their present height 

Proof 1. Marine shells, almost the same as now inhabit the 
ocean, are found in many localities in our country, at heights vary- 
ing from 50 up to 500 feet above the sea, as at Portland and Lu- 
bec in Maine, in the valley of Lake Champlain, 400 feet high, and 
in several places in the valley of St. Lawrence ; at Beaufort, near 
Quebec, 200 feet high ; and at Montreal, 500 feet higL To these 
heights, then, we are certain of the presence of the ocean. 2. The 
ancient beaches, at least 2,000 feet high, as under the last infer- 
ence I have attempted to show, lead irresistibly to the conclusion 
that they must have been deposited by the ocean. 

Obj, 9ome geologists maintain that nothing but the presence of 
marine remains in a formation is to be taken as decisive proof of 
the former presence of the ocean. But if the above reasoning re- 
specting water-worn materials situated as in Fig. 193, is not con* 
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tiMi Section. 

elusive as to this point, I am unable to see the connection between 
premises and their conclusions. Yet I regret that want of space 
prevents me from drawing out this reasoning in greater detail. 

Inf. 5. If this continent has been submerged to the depth of 
2,000 feet since the drift period, we may safely infer that the whole 
of it east of the Bocky Mountains, ^ave the single peak of Mount 
Washington, was submerged. For a depression of 2,000 feet 
would leave only the tops of a few mountains as islands above the 
waters, and all these, witii one exception, have been swept over hj 
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the drift agency, whieh is presompti^ proof that they haTe also 
been beneath the surfaoe. 

RemarJcB. The theories by which the origin of modified drift is explained} 
might properly follow here. But since in my opinion no exact line of dis- 
tinction can be drawn between modified and unmodified drift, and the pro- 
duction of both was probably due to a prolonged and modified action of the 
same agencies, I will first give an accouqt of the most important theories of 
Drift that have be^i proposed. 

Theories €f Swrfcux Ge iogy, especiaUy of Drift. 

Deter, In no part of ^logy h^ re opinions been so unsettled and changing, 
aa in respect to the origm of d^ ft and its attendant phenomena. Until re- 
cently, powerful currents of w «ter have been regarded as the sole agent con- 
oemed. To account for these currents, it was a favorite theory with many, 
that a comet once impinged ajodnat the earth. Geologie Popmaire, par JN. 
Boubee, p. 46, Paris, 1838. But since it has been ascertained that comets 
have "'no more solidity or eoherence than a doud of dust, or a wreath of 
•mok€^ through which the stars are Yiflible» with no perceptible dimmutioB 
of their brightne8s»" it is no loneer necesaary to give a foimal refutation of 
this hypothesis. IVhetoelFa Bridgewater TreatiM, p. 152, 158, first .Ainerieait 
Edition. Another theory, yery widely adopted, imputed these effects to the 
deluge of Noah. But it is now almost unirersally abandoned by geologists, 
because the remains of man have not been found in dr^t ; because most of 
the animals found in it belong to extinct species \ because the period oeoupied 
by the Noachian deluge was much too short ; and because the phenomena 
cannot be explained by water alone. In short, every theory which imputes 
these effects to currents of water alone, has been abandoned by geologists ; 
and they now almost imivepsally refer them to the conjoint action of water 
andioe. Three varieties of opinioa aa to the origin and mode of operation 
of these agents, exist among eminent geologists. The two first of these 
theories may be called the Iceberg Theories ; and the laftb, the Oioekr 2%Mf> 

Mrst Theory, 

Jkscfr, This theory imputes most of the pheniMieiia of drift to 
icebergs carried southerly by the currents of the ocean, while the 
continents, where drift occurs, were yet beneafli the ocean. As 
they were gradually raised from the deep, the mountains, which 
would form islands, would send down glaciers to their shores, and 
thus masses of ice would be broken off to be floated away, loaded 
with detritus. In many places lar^e bodies of water would remain 
after the ocean had retired, in which deposits of clay and sand 
would take place. ' lAfdts Elements GeoL, yoL 1, chap. z. and xi. 

JProof, 1. In high northern and southern latitudes, the process which this 
theory assumes ia daily going on. Icebergs frequently transport towards the 
equator blooks of great size, which are dropped upon the bottom of the ocean. ^ 
Sooresby saw upon several icebergs in '70^ N. latitude, masses of earth and * 
rock weighing from 50,000 to 100,000 tons ; and a deposit of drift is now 
aetually aocnmulating in the south^n hemisphere, in latitudes no higher 
tlMtt iforthern Italy, Switaerhind, and Bnglaad LgelTt Mementi ChoL 
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voL 1, p. 282 and 267. 2. lliflre Ib eTidenoe daQ^ aoeamaUting of the esBtoiaB 
of % mooh lower temperature in northern latitudes when the drift was de- 
position than is now found in the same latitudes, and, therefore, gladeare 
might nave existed in much lower latitudes than at present, and icebergs 
miff ht have been carried nearer to the equator than they now are, before 
melting. 

Ohj, 1. The diffleolty of conceiving how mere waves of translation though 
aided by iceberss, could wear down the ledges to so great an extent and 
convey detritus hundreds of miles from the centre of dispersion, as has been 
done m Scandinavia, forms the principal objection to this theory. The action 
appears to have been long continued ic almoet all cases, whereas as a conti- 
nent or mountain emersed from the oot> n it can be supposed to send away 
only a few waves, whim though powerfn. could not last long. The theory 
applies better to America than to those col "tries where centres of diapersion 
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Deicr. This theory supposes the phenomona of drifb to have re- 
sulted firom the rise of large areas beneath the Arctic and Antarotio 
oceans, whereby their waters north of the equator, have been driyen 
southward, oyer a considerable part of Europe and America, bear- 
ing along masses of ice loaded with detritus. And further, that 
there may haye been a succession of yertical moyements, which 
produced successiye wayes ; so that the waters may haye repeatedly 
fallen and risen again, and while at their ebb, they may haye been 
frosen to the surface, so that as they subsequently rose, yast 
masses of ice may haye been driyen along, loaded with detritus, 
which may haye been forced up decUyities considerably steep, and 
thus the surfiMC haye been powerfully and rapidly abraded, and 
the rocks scoured and furrowed. De La Bech^s GeohgiccU Man- 
ual, p. 172. Also his Theoretical Geology, p. 319. BMcal Re- 
pmtory, yol 11, p. 23. 

Proof, 1. It is established, that in early times repeated upheavings of the 
bottom of tiie ocean have taken place ; and at the present oay, also, similar 
elevations occur, (ex. gr. Hotham or Graham Island m the Mediterranean, in 
1881 ; Sabrina, near Sie Aiores, in 1811 ; and among the Aleutian Islands 
in 1814, an island, said to be 8,000 feet hig^ : — another in 1806 which is per- 
manent; and another in 1796. Lyelfa Prin, QeoU ▼oL 2, p, 258, 266, 318.) 
And in some instances, we are able to see the effects in the tremendous 
waves that follow ; as during the earthquake in Lisbon in 1765. The force 
of such waves, as they readied the shore, and successively rose higher and 
higher, were a large area of the northern ocean to be sud<ienly upraised, can 
scarcely be estimated ; loaded as they would be with ice ; and it seems almost 
the only conceivable agency by whidii large boulders could be forced up hills 
of considerable steepness, and deep grooves be formed on the northern slopes 
of bills in Sweden and America. 2. In the latter country certainly, if not in 
the former, it seems scarcely possible to doubt that the surfEuse is essentially 
the same now as when tms agency w:a8 exerted upon it ; except perhaps 
those few local minor and slow elevations and depressions of whicn probably 
every country furnishes, some examples ; and hence the source of this action 
must be sought out of the country. 8. We have evidence that volcanie 
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fi|^cy, wbireby large areas may have been uplifted, baa been Yery active in 
bigh northern and southern latitudes. 4. This theory explains the absence 
of animal and vegetable life, and the presence of vast masses of ice in com- 
paratively low latitudes during the glacio-aqueous period. 

Obj, I. It is difficult to conceive how these vertical movements around 
the poles, should have produced floods of such vast extent and magnitude, 
as to inundate with water and ice, certainly all the northern, and probably 
also all the southern parts of the globe, as far at least as the 40th degree of 
latitude. 2. The action by which drift was accumulated, Jboulders transport- 
ed, and rocks furrowed, must have been long continued ; whereas any verti- 
cal movement around the poles, sudden enough to produce such deluges, 
must have been comparatively transient in its effects. 8. If the waters thus 
thrown over existing continents southward did not return to the polar re- 
gions, what has become of them ? If they did return, as the elevated por- 
tions subsided, why have they not left traces of their northerly currents on 
the land ? 

Rem, This theory, somewhat modified, has been sustained with great 
ability by Professors H. D. and W. B. Rogers. See the An, Add. of the 
farmer before the Assoc ofAm^r. Geologists and NatuTcdistSt 1844. 

The Glacier Theory. 

Descr. The hietorj of glaciers, which has been given in the first 
part of this section, forms the groundwork of the glacier theory. 
It supposes that at the close of the tertiary period, a sudden re- 
duction took place in the temperature of the surface of the globe, 
whereby all organic life was destroyed ; and in high latitudes at 
least, glaciers were formed on mountains of moderate altitude ; in- 
deed, that vast sheets of ice were spread over almost the entire 
sur£akce, extending south as far as the phenomena of drift have been 
observed. The northern regions, especially around the poles, are 
supposed to have formed one vast Mer de Glace, which sent out 
its enormous glaciers in a southerly direction by the force of ex- 
pansion ; and the advance and retreat of these glaciers, accumulat- 
ed the moraines and produced the striae and embossed appearance 
{roches moutonnees) upon the rocks. When the temperature was 
raised, the melting of the immense sheet of ice produced vast 
currents of water, which would lift up and bear along huge icebergs 
loaded with detritus, and thus scatter boulders over wide surfaces. 
The blocking up of the gorges by moraines, would form lakes and 
ponds, in which clay and sand, such as now lie above the drift, . 
might have been deposited, and afterwards the barriers of these 
lakes, consisting of loose matter, may have been cut through, and 
the waters gradually drained off, and assumed their present levels. 
In some parts of the world the elevation of mountains, as the Alps 
for instance, during the same period, might have increased th^ 
effects that have been described. 

Proof. 1. The perfectly preserved elephants and rhinoceros of Siberia in 
frozen mud, riiow that the change of climate there must hav^ been very sud- 
den from quite warm to intense oold. 2. The general absence of organic re- 
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maiiM ia tbe clay and sand Ijlog abave the drift, makes it |)robable that dar- 
ing their deposition the climate was too cold to favor the existenee of aoimala 
and plants, while the highly arctic character of the few species of shells that 
hare been found in these deposits in New York, Canada, Scotland, Sweden, 
and Buasiai oonlGurms this oonclusioa 8. The history of the effects of glaciers 
is the history of the phenomena of drift in miniature. lo the first place, the 
moraines of glaciers correspond to the aooumulaticms of drift that are ao 
eommon in northern regions. The latter are, indeed, somewhat modified, 
partly by sub6e(j|uent aqueous agency, and partly by a somewhat different 
mode of productiotf; so that the distinct yarieties of moraines accompanying 
Klaoiers are not always to be distinguished. Secoudly, thc-smoo<lktng, round- 
mg, and polishing of the rooks, are the same beneath Uie glaciers as over the 
whole northern hemisphere. Thirdly, the parallel strias upon their surfiioea 
are perfectly explained by the passage of ice ov^ them in uubroken sheets, 
with angular fragments fixed into their lower surfiice. Fourthly, the paral- 
lel farrows and vallevs produced by the agency under consideration, upon 
the crests and sides of steep mountams, are very analogous to those beneath 
the glaciers, the result of the joint action of ice and water. Fifthly, this same 
joint action may have transported boulders to ^reat distances, and lodged 
them upon precipitous ridges and on sandy plains. Finally, these effects 
are inexplicable by currents alone. 4. This theory furnishes an adequate 
agency for smoothing and furrowing the slopes of mountains, and for the 
transportation of drift from lower to higher levels by an ascending force ; 
frets more difficult to explain than almost any other phenomena connected 
with drift. This might have been done both by the expansive force of ice, 
poshing one extremity of the sheet up the hill, and by water, lifting up ice- 
Derga with detritus from the bottom of the valleys, and as it rose, carrying 
them to hk^her levela 6. It shows how deposits of clay and sand might 
have been ^rmed above the coarse detritus in lakes produced by the moraines 
and melting of the ice, and how their barriers afterwards might have been 
removed 6. It gives a reason why those clays and sands are so destitute 
of organio remains, via., a cold climate. 7. It provides an agent sufficiently 

Sowerful to break down the tops of ledges of rocks, as appears to have been 
one at least in a few instances in New Englimd, by an enormous foroe oper- 
ating obhquely downwards in conuectioa with the formation of drift. The 
expansion and great weight of a huge sheet of ice might exert a force upon 
obstacles almost irresistible. 

OhJ. This theonr furnii-hes a very inadequate cause for the southerly di- 
rection taken by drift ovei so large a part of the northern hemisphere. It 
supposes that as the earth was cooling, most of the water that was evapo- 
rated in tropical regions would go to ^ condensed in the -polar regions, and 
thus accumulate there a vast quantity of ice, so long as the glacial period 
continued Admitting su<^ a process, it might produce a moderate southerly 
movement in the ice as it expanded. But the distance southerly to whi<m 
the drift has been transported, even that principal mass of it which must have 
been pushed along by the ice, is very great to refer to Bvmh. a cause. And 
besides, the southerly direction of the foroe seems to have continued from 
the beginning to the end of the work ; so that the bottom of the valleys as 
well as the tops of the mountains have been equally affected by it. This 
fact seems to indicate sonte other cause besides mere expansion to give an 
austral direction to the force. It is difficult, also, to conceive how currents, 
formed by the mere melting of ice, could have transported boulders from 
400 to 600 miles to the south. 2. It would have required a glacier some 
2,600 miles wide and at least 1,000 miles long to cover all the surface in 
North America that has been swept over by the drift agency. WheUier the 
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esjateact and progresB of such a glacier be poasible we Imre not the meaiw 
of knowing, because none exist now approaching to it in size. 8. This gla- 
cier must have moved over a surface which, as a general fSsict, was level but 
with inequalities amounting to 8,000 or 4,000 feet, and some portions of the 
glacier must have mounted hills of that height. Now, there is no known gla- 
cier that is not situated upon sloping ground, nor any tliat does not occupy a 
YAlley. 

Hem. 1. This theory was first suggested by Venetz, a Swiss engineer ; then 
advocated by Charpentier ; and more recently brought out in its full [Hropor- 
tioii0 by Agassis, in his Etudes sur le9 Glaciera. 

Hmn. 2. A eurions example to illustrate the eflbct of the sudden melting 
of large masses of snow and ioe, has been oommunieated to me b^ Rev. Jus- 
tin Perkins, American Missionary at Ooroomiah, in Persia, not &r fixKn Mount 
Ararat, in a letter of Nov. 6, 1840. In giving an account of two very pow- 
erful earthquakes, experienced on and around that mountain in the summer 
of 1840, he says, " the vast aocumulation of snow which had been increasing 
on and about the tops of the mountains for centuries, was broken into pieees, 
and parts of it shaken down on the sides of the mountains in such immense 
quantities, that (it being midsummer and the snow descending down as fiur as 
a warm climate and suddenly melting,) torrents of water came rolling down 
the remainder of the mountains, and flooded the plains for some distance 
around its base." 

General Objection. Against all the preceding theories of drift 
there lies one general oDJeotion. While each one explains some 
of the phenomena satisfactorily, it leaves others unexplained. 
They are true causes, but they are not singly sufficient. It seems 
to me, after careful study of this subject for thirty-five years, that 
by combining all these causes, we shall get a theory not only of 
drift, but of nearly the whole of surface geology, from the close of 
the tertiary period to the present moment, oi a very satisfactory 
kind. 

Theory of Surface Creole^, 

Preliminary Principles. From the preceding statements, mainly, 
we may assume the following positions as settled principles : 

1. Since the tertiary period, those countries where drift and ter- 
races exist, have been depressed in a great measure beneath the 
oceaii ; the United States, for instance, from 4,000 to 5,000 feet, 
England 2,300 feet, Scotland from 1,000 to 1,200 feet, and Swit* 
serland from 2,500 to 3,000 feet. 

2. Subsequently they have been slowly elevated to their present 
levels, and drainage has gone on from their entire surfaces. 

3. During these vertical movements the surface must have been 
subject in some places to the action of oceanic currents, loaded 
often with icebergs, since they came from the north ; and of waves, 
also, especially waves of translation ; while the mountains would 
be covered with glaciers, and subject to landslips. Bivers, alsOi 
vinst have playd an important part in modifying the sorfaoe 

12* 
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All these agenoies, therefore, we may assame to have acted simnl- 
taneoualy or intermittinglj while the surface was sinking and 
rising. 

Theory. 

Drift is mainly the result of these four agencies — Glaciers, Ice- 
bergs, Wayes of Translation, and Landslips — acting upon the sur- 
fiboe while it was sinking beneath and rising aboye the ocean, while 
Osars, Sea Bottoms, Submarine Ridges, Beaches, and Terraces, 
were produced by the same agencies with the addition of riyers. 
From the close of the tertiary period to the present time, these 
operations haye formed an uninterrupted series. 

Rtm, These yiews I shall now attempt briefly to illustrate by a series of 
•tatements aod ressonings. 

1. As the drift countries sunk slowly beneath the ocean, eyery 
part of the surface must haye been exposed to the long-continued 
action of wayes, tides, and currents ; and, consequently, a great 
amount of detritus must haye been broken off. 

2. Another ineyitable effect of that submersion of continents 
would be, to bring oceanic currents oyer countries in high latitudes 
from the polar towards tropical regions. If North America was 
submerged, east of the Rocky Mountains, it would bring a current 
from the north-west ; and if South America was submerged, east 
of the Cordillera, it would bring a current from the southwest. 
See Maclaren*s Geology of Fife and the Lothians^ p. 225. Also, 
Hie Scotsman for Dea 1, 1841. 

3. A third effect would be a reduction of temperature in high 
latitudes, of the countries submerged, accompanied perhaps with 
greater warmth in other regions equally remoyed from the tropics. 
Taking North America and the west part of Europe as an exam- 
ple, two causes would operate to reduce the temperature: 1. The 
Qulf Stream (the present cause of the higher temperature of Eu- 
rope than the United States, and of the Atlantic coast aboye the 
interior) would be diyerted from its present course, and pass along 
the eastern base of the Rocky Mountains, into the northern ocean, 
and thence perhaps aionff the coast of Asia. 2. ' The current from 
the Arctic regions would be loaded with icebergs, which would be 
stranded along the shores, and so reduce the temperature that 
probably the sumn^er could not melt away the ice ; and the sea, 
like that around the ooles, might be choked with ice as far south 
as we now find drift. 

4. As a consequence of this access of cold, glaciers would form 
on mountains comparatiyely low, and where they do not now 
exist. These would reach to the sea, as they now do, in Arctic 
regions. 

6. The enormous icebergs that would be moyed southerly in 



"ffEORT OF STJRPACIS GEOLOOT. 275 

fiacli ciroumsiances, would grate powerfully upon the bottom of 
the sea, smoothing and striating the rocks, and especially project'- 
ing ledges, upon their northern sides, producing effects which could 
be distinguished afterwards only with difficulty from those of gla- 
ciers, except in the vast extent of country acted upon. 

6. As the land continued during this action to sink, the stranded 
ice would be lifted higher and higher along the shores, and finally 
urged over hills and mountains. Thus may we account for those 
eases of erosion where the agent of striation seems to have been 
urged up hill. 

7. While the ice was thus scouring down prominent and exposed 
surfaces, the water would, to some extent and in particular places, 
sort and deposit the detritus worn off. And hence we can account 
for that mixture of mere mechanical accumulations and aqueous 
deposits, of which the drift is composed. Especially does it ex- 
plain why, as we approach the outer (mostly southern) limits of 
drift, we find the deposit more and more stratified, and the evi- 
dence of glacial action gradually disappearing. 

8. These vertical movements of continents appear in most cases 
to have been accomplished as a whole ; that is, the whole mass has 
been sunk or raised, so as not to disturb the relative levels of the 
surface, just as we know the continent of South America has been 
raised ; the vast plains having been lifted up some 1,400 feet with- 
out disturbing them horizontally, or producing the smallest fault 
or curvature in the strata. DaruirCs Geological ObservcUioTis on 
South America^ p. 18. 

9. It seems probable that most of the coarse drift was accumu- 
lated, and the striee and roches mautonnees produced, while the con- 
tinents were sinking beneath the ocean, or while they remained 
there. At least, as the lands began to emerge from the waters, 
the higher parts of the surface would soon be above the reach of 
oceanic agencies. 

10. Supposing now the upward movement to commence, and we 
should have an ocean, covered perhaps most of the yeas with ice, 
with a few islands produced by the mountain ridges and peaks. 
On these the waves and tides would act as well as upon the drift 
at the bottom, and in the sheltered parts of the coasts we should 
expect accumulations of modified drift. These would form the 
highest of the Ancient Sea Beaches which I have described on a 
previous page. They would be usually quite limited, because the 
surface acted upon would be so, and no streams of much size could 
exist to aid in the work. 

1 1. As the land rose, if its ascent were uniform without pauses, 
we might expect that the detritus, or modified drift, would be left 
in irregular masses, or in a regular slope on the surface. Subnufc- 
rine Bidges, however, might ^e forined along the shores as they 
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iM now prodaoed in lakes and seas.^ Oaara also might be formed 
by the currents sweeping detritus into the rear of obstractiona 
either of rock or ice. I apprehend, however, that the Osars are 
mnch more ancient than the Submarine Ridges. 

12. After the sur&ce had risen so that rivers of considerable 
sise and extent were f<Nined, the^ wouhi carrr into the ocean a 
laise amount of water-worn materials, forming beneath the sur&oe 
a ddta at their mouths. Tides and currents would sweep this 
along the coast, and after a time its top would be brought to the 
surfade, and no more materials could be deposited upon it by the 
rivers, so that they must now push their detritus farther into the 
ocean, and a new submarine bank would begin to be formed, it 
might be at a considerable depth; and as the continent rose, the 
first beach or terrace would oe considerably elevated before the 
second one could reach the surfsM^e by the combined action of de- 
position and vertical movement When it did get above the water, 
as did the first (me, the river would bcffin to form a third bank, 
still farther out in the ocean; and thus, by a perfectly quiet, slow, 
and equable rise of the shore, might a series of beacmes or ter- 
races be formed. 

13. Keeping our eye upon the continents as they emerged from 
the ocean, we should see at len^h that the valleys in mich our 
present rivers run became estuaries, or Lochs, as they are called in 
Scotland ; or Fiords, as they are called in Norwav. In our coun- 
try, the coast of Maine presents us with a good example in its 
deep indentation. A similar example in the interior occurs in the 
country of the Upper Mississippi, where the rivers pass through a 
succession of small lakes. I>uriQg such a state of things, the 
streams along these lochs would form what I call Delta Terraces 
at their mouuis, such as we now find frequently near the mouths 
of our principal rivers, the Connecticut for example. Generally, 
indeed, we find them at the confluence of two streams. 

14. The streams that would empty into these lochs, pr chain 
of lakes, would produce a current seaward, which would spread the 
detritus alone uie shores in the same direction, and produce what 
I call Lateru Terraces, such as are now found at various altitudes 
on the sides of our present rivers, rising sometimes to the height of 
250 feet above the stream. In order to form the successive ter- 
races, it is only necessary to suppose the drainage and erosion to 
go on till the rivers have, sunk to their present beds, which could 
not take place till the continent had risen above the ocean to its 
present height. Should the ocean continue to sink, the process of 
forming terraces may be carried much farther. 

15. There is another mode in which lateral terraces might have 
been formed, and are now forming, where a streaiQ has to cut its 
way through alluvial materials. The mere erosion woul4 form ter- 
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noes of equal height along the etream ; or all the detritua on one 
aide might be swept away by the stream, so as to leave a terrace 
only on the other side. But after a channel has thus been made 
to some depth, if a freshet ooours, the current will act powerfully 
upon one or the other of the banks, and sweeping them away, will 
form a meadow when the stream has subsided. In subsequent 
jQoods, this meadow will receive fresh accessions of alluvial matter, 
and of course be somewhat raised up. Meanwhile the river is 
cutting a deeper and deeper channel, so that at length it can no 
longer rise high enough in floods to spread over the meadow, which 
has now become a second terrace, because the sinking of tiie stream 
by erosion would prevent the meadow from ever rising as high as 
the original bank. Being no longer able to overflow l£e me^ow, 
it begins again, in time of freshet, to wear away the bank, and to 
form a second and lower meadow, which ultimately becomes, as 
above described, a third terraoe, and thus may the work go on 
and the number of terraces be increased, as long as the river can 
deepen its channel. 

16. We see then that by the simple drainage of a country, in- 
olading its rivers, terraces might be formed along the shores of the 
ocean, lakes, and the banks of rivers, supposing only a general 
slow and perfectly uniform rise of the land, or depression of the 
ocean. Almost all writers, however, suppose these vertical move- 
ments to have been by starts, with intervening pauses. At an 
earlier date, the prevailing theory was, that the terraces were pro* 
duoed by the burstii^ away of the barriers of lakes, and the sud- 
d^ sinking of the waters. These are quite natural suppositiona 
to explain the stair-like aspect of terraces. But in respect to 
river terraces, we have the following decided proof that no such 
paroxysmal rising or sinking has produced them. 1. By such 
theories the terraces ought to correspond in number and height on 
opposite udes of the river, which is very rarely the case, although 
to tiie eye it may seem frequently so. Neither do they corre^ 
spend in number or height, in different parts of large lakes. 
2. Where tributary streams have cut through the lateral terraces 
of the principal river, as they have often done near their mou^s, 
the number and height of the terraces on both streams ought to 
agree. But the reverse is true. Thus, on Connecticut river the 
number of terraces is usually three or four ; but on some of its 
tributaries, as on the Ashuelot river, at Hinsdale, and Whetstone 
Brook in BratUeboroi^^h, the number rises as high as ten, and yet 
the uppermost is no higher than the highest on the main river. 

17. In such cases, then, we may e^lain terraces without pauses 
in the upward movement and by the slow action of the rivers 
themselves. We have shown how they midit have been produced 
by mere drainage, with a slow and equable vertioal movement 
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Yet fadi patuea may ha^e ooenrred : indeed, in such cases as the 
Parallel Roads of Loohaber, in Scotland, this is the most plausible 
explanation. And doubtless in other oases, sudden elevations by 
earthquakes, may have formed terraces. But if river terraces 
have generally been formed without paroxysmal movements, as they 
must have been, and if terraces on lakes and the ocean may have 
been produced in some cases bv the drainage of the country, it is 
reasonable to suppose that such may have been their usual origin. 

18. According to the views that have now been presented, all 
the fancies that produced drift, viz. ; Icebergs, G-laciers, Landslips, 
and Waves of Translation, are still in operation in some parts of 
the world, and therefore drift is still being produced. Ever since 
the Tertiary Period these causes have been acting, but their intm- 
flity has varied in different ages. 

19. The same is true of the agencies that have produced 
Beaches, Osars, Submarihe Ridges, and Terraces; vis., the action 
of rivers and of the ocean, combmed with the secular elevation of 
continents. In other words, alluvial agencies have run parallel 
with those producing drift from the beginning. 

20. Hence Drift and Alluvium should be regarded only as 
varieties of the same formation, extending from the close of the 
tertiary period to the present 

21. The views above presented furnish us with reasons why the 
older and coarser drift is almost entirely, if not wholly, destitute 
of organic remains, and that they increase as we ascend through 
the several stages of modified drift to the present time. At the 
oommencement of the drift period, the ocean, standing above the 
present land, was probably filled with Arctic ice, and the land 
covered with glaciers. Of course we should expect the presence 
of but few animals in the waters, or on the land, although they 
might have existed in other parts of the world at that time. But 
upon the emergence of the land, the heat returned, at least as high 
a temperature as at present ; and indeed the remains of great 
numbers of tropical animals in northern Europe, in modified drift, 
indicates the existence of a climate warmer than at present. 

22. As to the period that has elapsed since the commencement 
of the accumulation of drift, I have met with no fetcts in the 
writings of geologists that bear on the subject. But I think I have 
discovered some in nature. I think I could point out many ex- 
amples of river beds on a former continent, which became so filled 
by drift and modified drift, while the continent was beneath the 
ocean, that when it emerged, the rivers were compelled to abandon 
the old beds, and seek new channels. And the amount of erosion 
effected by them since that time, is before our eyes. The cut 
through which the present Niagara river runs, between the fidls 
and Lake Ontario, seven miles long, is one of thede cases. Another 
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18 the Q-enessee river between Portage and Mount Morris ; where 
it has cut a channel deeper, in most places, than that of the Niagara, 
some fourteen miles long. I could mention half a dozen examples in 
New England, where the erosions are not as long and deep, but 
the rock is much harder. But the details of these eases are too 
prolix for this place. 

23. Such facts indicate an antiquity to the drift period little 
imagined hitherto, and show that the time of man's existence on the 
globe has been merely a small fraction of the whole alluvial period. 

24. The manner in which the phenomena of drift have been 
produced, in those cases where the force radiated outward from a 
centre of dispersion, appears to me the most unsatisfactory part 
of the preceding theoretical views, and one that may need modifi- 
cation. It is here mainly imputed to waves of translation, pro- 
duced by the upheaval of the central mass. The cause seems to 
me too transient and paroxysmal for the effects, which appear to 
be the result of long-continued and more quiet action. I refer to 
such cases as the transportation of detritus from the Central Alps 
to the Jura, and especially to the drift of Norway, Sweden, and 
Russia, which seems to have radiated from central Scandinavia. 
Perhaps we impute too little in such oases to the former great ex- 
tent of glaciers, according to Prof. Agassiz's views ; obscured as 
the proofs of their former presence are, by the subsequent sub- 
mergence of the regions beneath the ocean. Perhaps, too, a great 
part of the work of striation and the transportation of boulders in 
northern Europe, for instance, was accomplished while yet no cen- 
tral axis or centre had been upheaved. Perhaps, too, the phe< 
nomena have not been studied sufficiently as yet; for where 
several analogous causes have operated on tiie same surface, it re- 
quires great care to distinguish them. It is perhaps the most 
difficult part of geology. 

25. I have been led to the adoption of the preceding theoretical 
v^'ews of surface geology, by several years study. The details on 
which my conclusions are founded, I hope shortly to present to the 
Smithsonian Institution. They embrace a great number of 
measurements and drawings, and may perhaps be published. But 
I am happy to find that many of the inferences to which the facts 
have led me, (and which are often opposed to my previous notions,) 
have been advanced by able geologists, especially in relation to 
drift I would particularly refer to the writings of Sir Charles 
Lyell, and M. Alcide D' Orbigny, in his Cours Elemenlavre PcUeon- 
Udogie et Gfeobgie ; and more especially to the views of William C. 
Redfield, Esq., as expressed at the meeting of the American Scien- 
tific Association in 1850 ; and to the Address of W. Hopkins, Esq., 
at the Anniversary of the London Geological Society in .1852. 

26. It is interesting to observe, that as we approximate towards 
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» Inie ikeorj of drift, and of msrbee geology generaUj, &e ele* 
meotB are derived from all the leadiog theories that have of late 
years been proposed. It would hence appear that whmi distin- 
guished men have seemed to be widely at varianee, they have in 
net only presented us with different parts of the same subject 
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SECTION VII. 

OPBRATION OF OEOAMIC AGENCIES IN PE0DUCIN6 GEOLOGIOAL 

CEANOSS. 

Rem, Uany fiEUsts naturally belooging to this Section have been neoessarily 
anticipated in the preceding Sections ; and will therefore need only to be re- 
ferrea to m thia place. 

AgmcifofMafL 

Prin. The human race produce geological changes in seyeral 
modes: 1. By the destruction of vast numbers of animals and 
plants to make room for themselves. 2. By aiding in the wide 
distribution of many animals and plants that accompany man in 
his migrations. 3. By destroying the eqambrinm between con- 
dieting species of animals and plants ; and thus enabling some spe- 
cies to predominate at the expense of others. 4. By altering the 
climate of large countries by means of cultiyation. 5. By resist- 
ing the encroachments of rivers and the ocean. 6. By helping to 
degrade the higher parts of the earth's surface. 7. By contribut- 
ing peculiar fossil relics to the alluvial depositions now going on, 
on the land and in the sea; such as the skeletons of his own 
frame, the various productions of his art, numerous gold and silver 
coins, jewelery, cannon balls, &c., that sink to the bottom of the 
ocean in shipwrecks, or become otherwise* entombed. 

Exam. The only known examples of the entire extinction of the larger ani- 
mala eoSval with man, and probably through his agency, are the following: 1. 
The great Iritth elk, which w%b 10 ft. high to the top of the horns, which are 
ffUfBOi 10 to 14 fL between their tips. 2. The dodo, a bird larger than the 
tnrkey, which existed in Mauritius and the adjacent islands when they were 
colonized by the Dutch, 200 years ago ; but it is no longer to be found ; and 
even all the stuffed specimens that were brought to Europe are lost ; so that 
a head and a foot of one individual in the Ashmolean museum at Oxford, and 
the leg of another in the British museum, are all that remains of it, except 
some SmbiI bones lately found in the Isle of France. S. The Notomie and op- 
teryx auUralU^ of New Zealand, appear to be on the p(Hnt of extinction, if 
not actually extinct. 4. The eleven species of Binornis formerly inhabit- 
ing New Zealand, of which a brief description has been given in Sect. Y. 
American Jaurmd of Seienee, vol 48, p. 194. 6. The uSpyomie mammui, a 
■till faffgar hud, wboae boaaa are found in Madagasoae. 
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In particular countries it as a more common oocurrenoe for species to be- 
come extinct ; as the beaver, wolf, and bear, in England In this country the 
animals of the forest are disappearing or moying westward as the forests are 
deariDg up. Since the disooyery of tiie island of South Georgia, in 17*71, one 
miUioQ two hundred thousand seal skins have been annuiUlj taken from 
thence ; and nearly as many more fix>m the island of Desolation. The animal 
is becoming extinct at these islands. How many of the smaller animals may 
have become extinct through the agency of man« it is impossible to ascertain. 
It has been maintained with great confidence, that the climate of Europe is 
Tory much warmer than in the days of ancient Rome ; and this has been im- 
puted to the clearing away of the forests. Reeif CyclopwUa, article Ou- 
MATE. But M. Arago has rendered it probable that no sueh change has taken 
place. Jjyeira Prin. Geol^ vol 3, p. 266. In North America* however, the 
extremes of heat and cold have probably been modified by the clearing away 
of the forests. 

In Italy, the Po, Adige, and other rivers, are prevented from overflowing 
the adjacent oountry by embankments. These have been carried so high, and 
the bed of the river has so much filled up in some places, that the surface of 
the Po is more elevated at Ferrara than the roofs of the houses. LyclV% 
Prin, Oeol,, vol 1, p. 848. 

Inf. Some writers maintain that as species of animals and plants 
disappear from the earthy new speoies are created to take their 
place at once, that the proper equilibrium of organic nature may 
be preserved. But as no certain example of the creation of a new 
species has yet been discoyered within nistoric times, this opinion 
can be regarded only as an hypothesis. And the majority of au* 
thors suppose that m general no new creation takes place, until 
nearly the entire race inhabiting a coimtry at any one period have 
been destroyed, either by a sudden catastrophe, or in the slow man- 
ner that has been described. 

Ohs. This question, with the whole subject of the permanence, distribu- 
tion, and mutual influence of species of annuals and plants, is fully and ably 
discussed in LyelVi Principles of Qeology^ Book S. The general principles 
regulating their distribution have been given in Section Y. 

Agency of Other Animais, 

Prin, Yerj many other animals exert an influanoe on geological 
changes analogous to that of man, though less in d^ee, except 
the following: 

Polt/paria ; or, Polyps. 

Rem. The lithologieal charaister of the stony habitation erected by these 
minute animals has beoi described in Section IIL Some account of the 
poljps has also been given in Section YL The history of cored, reefs re* 
mams to be given. 

Descr. Coral reefs are ridges of calcareous rock, whose basis is 
ooral, (chiefly of the genera, porites, astrea, madrepora meandrina 
and caryophillia,) and whose mterstices and surfsice vfce covered bj 



broken fragments of the s&me, with broken ehelle and echini, and 
Band, all cemented together bj calcareous matter. The; are boilt 
up hj the polyparia, apparently on the tops of Bnbmarine ridgea, 
and aometimee perhaps, though not generally, on tlie margins of 
anoient roioanio craters, beneath the ocean, not generally from a 
depth greater than 25 or 30 feet, yet sometimes 120 or 150 feet 
The polyparia coutinoe to build until the ridge gets to the surfaoe 
of the sea at low water; after which the aea washes npon it frag- 
meaia of coral, drift wood, &e., and a soil gradually accumulates, 
which is at length ooonpied by animals with man at their head. 
The reefs are sometimes arranged in a circular manner, with a 
lagoon in the centre, where, in water a few fittlionis deep, grow an 
abundance of delicate species of corals, uid other marine animals, 
whoae beautiful fonna and colors riv^ the richest flower garden. 
Voloanio agency often lifts the reef far above the waters, and 
sometimes covers one reef with lava, which in its turn is covered 
with another formation of coral The growth of ooral stmottires 
is so extremely alow, that centuries are required to produce any 
important progresa The rate of increase has not been deter- 
mined. 

Doer. The diameter of the oircnlar ree& has been found to 
vary from less than one to thirty miles. On the outside, the reef 
is usually rery precipitous, and the water often of un&tbomable 
depth. Fig. 194 is a view of one of these circular islands in the 



Wliiltunday : a Coral Island, 

south seas, called Whitsunday Isle; bo &r reclaimed from the 
waters as to be covered with cocoa-nut treos and with some liaman 
dwellings. 
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Deter. These islets occur abundantly in the Pacific Ocean, be- 
tween the thirtieth parallels of latitude. They abound also in the 
Indian Ocean, in the Arabian and Persian Gulfs, in the West In- 
dies, &c. Usually they are scattered in a linear manner over a 
great extent Thus, on the eastern coast of New Holland, is a 
reef 350 miles long. Disappointment Islands and Duff ^s Group are 
connected by 500 miles of coral reefs, over which the natives can 
travel from one island to another. Between New Holland and 
New Guinea is a line of reefs 700 miles long, interrupted in no 
place by channels more than 30 miles wide. A chain of coral isl- 
ets 480 geographical miles long, has long been known by the name 
of the Maldiyas. Some groups in the Pacific, as the Dangerous 
Archipelago, are from 1,100 to 1,200 miles long, and from 300 to 
400 miles broad. UyeW& Prin, Ged,^ vol. 3, p. 367. Especially 
a toork by Prof, Dana on Cored Re^s and Islands : New York^ 
1853. 

Brfusoria. 

Rem, It is oertainly one of the most astonishiog disooveries of modern sci 
enee, that the animatcula of infusions, of which 600,000,000 may lire and 
eport in a drop of water, should originate eztensiye formations of rooks and 
soils by their skeletons. But the mysterj is ezpUiined when we learn how 
astonishing is their power of multiplication. The foots on this subject, how- 
ever, have been so fully detailed in Section Y. that nothing more can be 
profitably added in this place. 

Agency of Plants. 

Deser, Animal and vegetable substances, when buried in the 
earth, or the waters, sometimes undergo an almost entire decom- 
position ; at other times, this is very partial ; and sometimes the 
change is so slow that for years scarcely no apparent progress is 
made. Different substances will be the result of these different 
degrees of decomposition. 

Descr. Berzelius embraces all the organic matter of soils in the 
generic term himms. Dr. Dana uses the term geim as synony- 
mous with humus, when he speaks agriculturally. Berzelius sup- 
poses humus to contain humic acid, humin, crenic, and apocrenic 
acid, and traces of glairin. Dr. Dana regards these as different 
forms of geine, which, when in a soluble state, may be taken up by 
the roots of plants ; but in an insoluble state, can afford no nour- 
ishment. When he uses the term geine, however, in a strict chem- 
ical sense, he means by it the same as the humic acid of Berzelius ; 
or a compound of 16 atoms of oxygen, 2 atoms of hydrogen, and 
16 atoms of carbon. This unites with bases, and forms geates, or 
humates. In some places, as on the western prairies^ these or- 
ganio matters of soils increase so as to form a layer several feet 
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bat in general the/ are so iiiiich used in the nonrishment 
of plants^ that they rarely become more than a few inches thick. 

Peat, 

De$cr. Peat nsnally oonsifits of soluble and insoluble geine, with 
a mixture of undecomposed vegetable matter, and some earths. 
Most of it results from tiie decomposition of certain mosses ; espe- 
cially of the genus sphagnum^ which decay at their lower extrem- 
ity, while the top continues to flourish with vigor. Trees and 
whatever other organic matter happen to get into these peat bogs, 
soon became enveloped and assist to swell the amount. In some 
instances the beds nave acquired a thickness of more than forty 
feet 

Descr. In tropical climates, except on high lands, the decompo- 
sition of vegetable matter is so rapid that it is resolved into its 
ultimate elements before peat can be produced. Hence peat is 
limited chiefly to the colder parts of the globe. In Ireland, the 
peat bogs are said to occupy one-tenth of die surfece, and <»ie of 
them, on the Shannon, is 50 miles Ibng, and two or three broad 
In Massachusetts, exclusive of the four western counties, the 
amount of peat has been estimated at not less than 120 millions 
of cords; and probably this falls far short of the actual amount. 

Descr, By the long-continued action of water and other agenis, 
the geine of peat is changed into bitumen and carbon, which con- 
stitute lignite and bituminous coal. In a few instances the process 
of bituminization has been found considerably advanced in the 
beds of peat MoccuUoMb System of Gtohgy^ vol. 2, p. 352. 
Dr. C. T. Jackson*s Second Report on the CMogy cf Maine, p. 
80. American Journal rf Science, voL 35, p. 345. 

Descr. Peat bogs are remarkable for their antiseptic power, or 
the power of preserving animal substances from putrefeetion ; some 
remarkable cases of which are on record. l/yeWs Prin. Geol., vol. 
3, p. 271. Whether this be owing to the existence of acetic acid 
in the peat, or to the conversion of the animal muscle into adipo- 
cere, seems to be not well ascertained. 

Descr. Peat bogs sometimes burst their barriers in consequence 
of heavy rains, and produce extensive inundations of black mud. 

Descr. The increase of peat varies so much under different cir- 
cumstances, that it is of no use to attempt to ascertain its rate of 
growtL On the continent of Europe, it is stated to have gained 
seven feet in 30 years. MaccuUoch^s System of Geology, vol. 2, 
p. 344. 

Descr. Where peat is formed in, or transported into estuaries, 
it is sometimes covered with a deposit of mud ; over this another 
layer of peat forms, and in this way several altemati<uis may occur. 
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Deser. In some peftt bogs, large trees have been found standing 
where they originally grew, yet immersed to the depth of twenty 
feet, as in the Isle of Man. LyelPs Prin, GeoLy vol. 3, p. 269. 

Deser. The following analysis of three specimenfi of marsh peat from Has 
saehosetts, will gire an idea of the oompositioti of this substance : 

From From From 

SnnderlaiML Weatboro'. Hadlej. 

Soluble Oeine or Humus . . 26.00 48.80 84.00 

Insoluble do. 59.60 48.60 60.00 

Sulphate of lime 4.48 1.88 1.36 

Phosphate of do. 0.'72 0.12 0.24 

Silicates 9.20 6.60 4.40 



100.00 100.00 100.00 

Drift Wood. 

Descr. Large rivers, which pass through vast forests, carry down 
immense quantities of timber. When these rivers overflow their 
banks, this timber is in part deposated npon the low grounds. Bat 
much of it also collects in the eddies along the shores, or is car- 
ried into the ocean. After a time it beqcmes tacUer-logged ; that 
is, saturated with water ; and sinks to the bottom. Thus a de- 
posit of entangled wood is often formed over large areas. This is 
subsequently covered by mud ; and then another layer of wood is 
brought over the mud ; so that, in the course of ages, several alter- 
nations of wood and soil are accumulated. The wood becomes 
slowly changed into what Dr. Macculloch terms forest peat ; that 
is, peat which retains its woody fibre. 

Exam, 1. The Mississippi furnishes the most remarkable example known 
of these aocumulatioDS. In oonsequence of some obetruetioa in the arm of th« 
vvrev called the AtchafEdaya, supposed to have been formerlj the bed of the 
Red river, a raft had accumulated in 85 years, which in 1816 was 10 miles 
long, 220 yards wide, and 8 feet thick. Although floating, it is covered with 
living plants, and of cpurse with soil Similar rafts occur on the Red river , 
and dixQ on the Washita concealed the surface for 17 leagues. At the month 
of the Mississippi, also, numerous altemations of drift wood and mud exist, 
extending over hundreds of square leagues. LyelVs Prifi, Qeol^ vol 2, p. 8. 
American Journal of Science^ voL 3, p. 17. 

Exam. 2. Similar deposits of wood and mud are found in the river Mac- 
kenzie, which empties into the North Sea ; and in the lak&9 through which 
it passes. At the mouth of the river, which is almost beyond the region of 
vegetation, are extensive deposits brought from the more southern regions 
through which the river passes. LytU% Prin, GeoL, vol 8, p. 810. 

Exam. 8. A part of the drift wood which is brought down the Mississippi 
and other rivers, along the cowst of America, is carried northward by the 
Gulf Stream, and thrown upon the coasts of Greenland. The same thing 
happens in the bays of Spitzbergen and on the coasts of Siberia. LyelVi 
Prin. GeoL, vol 8, p. 813. 

Zn/*. In the history of common peat and drift wood, we see the 
origin of the beds of ooal which exist in the older strata; for it 
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B«eds only that the layers of peat (in whioh tenn I include sab- 
merged drift wood) should be bitnminised, and the intervening 
layers of sand and mud be consolidated, in order to produce a gen- 
uine coal formation. Common marsh neat alone can have origin- 
ated but a small part of the beds of coal PhiUips^ CfeoLj p. 116. 

CofuoHdatitm of Loose Materials, 

Bern. HayiDg in this and the preceding seetions described a yariety of 
natural processes by which just such materials as form the fosslliferous rocks 
are proouoed, it remains to inquire whether any agents are now in operation 
to effect their consolidation. 

Prin. A considerable degree of solidity is sometimes produced 
by mere desiccation. 

Exam. 1. When clay is exposed for a long time to the son, it becomes as 
bard as some rocks :— ex. gr. the marly clay dug from the bottom of Lake 
Superior. LyelCt Prin, Geol.^ toL 1, p. 317. 2. Some rocks, when dug from 
a considerable depth in the earth, in so soft a state as to be readily cut with 
a Imife, become very hard on ezpoaure to the atmosphere. 

Prin. Carbonate of lime, conveyed in a state of solution among 
the loose particle of gravel, sand, day, or mud, and there precipi- 
tated, becomes a very efficient agent of consolidation. 

Exam, 1. On the shores of the Bermuda and West India Islands, extensive 
aoeumulations of broken shells, corals, and sand, are formed upon the shores 
by the waves; and these are subsequently consolidated, frequently into very 
hard rock, by the infiltration of the water which contains carbonate of lime 
in solution. The famous Guadaloupe rode, in which human skeletons, along 
with pottery, stone arrow heads, and wooden ornaments, are found, is of the 
same xind. 2. The Mediterranean delta of the Rhone, is ascertained to be, in 
a good measure, solid rock, produced by the numerous springs that empty 
into it, that contain carbonate of lime in solution. The same is true of the 
deposits at the mouths of other rivers in the south part of Italy ; but more 
especially on the east coast of the Mediterranean, wnere the aneient Sidon« 
formerly on the coast, is now two miles inland. Lyeir$ PHn, Qecl.^ vol 1, p. 
488. 8. In Pownal, Vermont, three miles north of William's College, \fi[%^ 
masses of drift are cemented by carbonate of lime. 4. I have specimens of 
a calcareous breccia from West Stockbridge, in Massachusetts, which was 
formed hj the chips thrown off in hewing marble, cemented together by the 
stream that jpass^ over them, so as to be nearly as solid as the original 
limestone. This was accomplished in seventeen years. 

Ptin, Another agent of consolidation is the red or per oxide 
of iron; or rather the carbonate of iron; since the per oxide is 
not soluble in water, without carbonic acid. 

Exam. 1. On the northern coast of Cornwall, Eng., large masses of drifted 
sand have been cemented by iron into rocks, solid enough sometimes to be 
employed for building stones. 2. A similar case occurs on the coast of 
Karainania, and other parts of Asia Minor. De La BeeM9 Manual, p. 78. 
In the United States it is common to find the sand and gravel of the drift 
and tertiary strata, more or lees eonaolidated by the }y£ated per ocdde of 
iron. 
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JPrin. Silica dissolved in water, appears to have been, in former 
times, an important agent in consolidating rocks; but at the pres- 
ent day it seems to be limited chiefly to deposits from thermal 
waters ; since it is only water in this condition that will dissolve 
silica in much quantity. 

Exam. The deposits around the Geysers in Iceland, the Azores Islands, 
<fcc 

Prin. Heat is an important agent in the consolidation of rocks : 
the most so when it produces complete fusion ; yet this is not 
neoessary to the production of a good degree of solidification. 

JExam. The instances are so common in the arts, (as in hurning bricks, 
pottery, porcelain, ^,) where he at solidifies ; and also in the vicinity of vol- 
canos, where loose materials have become very hard by the proximity of 
lava, that particular instances need not be pointed out 

Prin. In many of the cases that have been described, great 
pressure ansists in the work of consolidation. Indeed, it is some- 
times sufficient of itself to bring the particles within the sphere of 
cohesive attraction. 

Exam, This principle is too well understood to require particular instances 
to be pointed out 

CrenereU Inference from this and the Preceding Section, 

Inf From the facts detailed in this and the preceding section, 
it appears that all the stratified fossiliferous rocks of any import- 
ance, may have resulted from causes now in operation. 

Proof and Exam, 1. Beds of day need only to be consolidated to become 
day elate, graywacke slate, or shale. 2. The same is true of fine mud. 
S. Sand consohdated by carbonate of lime, will produce calcareous sandstone ; 
by iron, ferruginous sandstone. 4. Drift, in like manner, will form conglom- 
erates of every age, according to variations in the agents of -consolidation. 
5. Marls need only to be consolidated to form argillaceous limestones ; and 
if sand be mixed with marl, the limestone will be siliceous. 6. Coral ree& 
and deposits of travertin, subjected to strong heat under pressure, will pro- 
duce those secondary limestones that are more or less crystalline ; but more 
of this under the next section. 7. We have already seen how beds of lignite 
and coal may be produced from peat and drift wood. 8. The formation of 
audi extensive beds o^ rock salt and gypsum, as occur in the secondary and 
tertiary rocks, is more difficult to explain by any cause now in operation. 
And yet in respect to the former, it Ib said that the lake of Indersk, 20 leagues 
in circiunference, on the steppes of Siberia, has a crust of salt on its bottom 
more than six inches thick, hard as stone, and perfectly white. The lake of 
Penon Blanco in Mexico, yearly dries up, and leaves a aeposit of salt sufficient 
to supply the country. Ure's Geology^ p. 878. I have also described a 
somewhat similar case at the lake of Ooroomiah in Persia. (See Section III.) 
And I was informed (April, 1842) by Mar Yohanna, bishop of Ooroo- 
miah, when on a visit to this country, and who resides near the north 
end of that lake, that a small pond, covering about an acre, exists near his 
residence, which has a p«*manent deposit of salt several inches thidc on 
its bottom. It is separated from the lake by a low narrow ridge of sand. 
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AMordiog to Dr. DanbeDj, (J2«por< on Mineral Waiert, p. 7,) thick beds oC 
rock salt east at the bottom ofiake Bltoa, and of several other lakes adj<Hii- 
ing the Oaspiao Sea. Probably, faoweyer, Toleaoio action was ooncerne^i in 
the deposition of rock salt. The origin of gjpsum is most probablj sub- 
marine Yolcanos, since we Imow of but very few springs that cleposit it, and 
these (ex. gr. at Baden near Vienna) in small quantity. 

Bern, 1. It does not follow from the preceding inference that the canaes 
of geological change now in action, have not operated during the deposition 
of the fossiliferous rocks with greater energy than at present ; but only that 
they have been identical in nature, during the past and present perlocjfs. 

M€m, 2. We can better judge whether ezistmg agents haye produced the 
older stratified rocks, and toe unstratified class, when we have examined the 
dynamioB of igueoos agenciea. 
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SECTION vin. 



OPERATION or IGNEOUS AGENCIES IN PRODUCINO GBOLOQIOAL 

CHANGES. 

Drf. Yolcanio aotion in its widest sense, is the influence exerted 
by the heated interior of the earUi upon its cmst. IgDeoos agency 
has a still more extensive signification ; embracing all the action 
exerted b j heat upon the globe;- whether the source be internal or 
external. The history of the former will prepare us better to ap- 
preciate the influence of the latter. 

JPrin. Volcanic agency has been at work from the earliest 
periods of the world's history ; producing all the forms and phe- 
nomena of the unstratified rocks, from granite to the most rec^it 
lava. Modern yolcanos will first come under consideration. 

Drf. These are of two kinds, extinct and active. The former 
have not been in operation within the historic period : the latter 
are constantly or intermittingly in action. 

Def. A volcano is an opening in the earth from whence matter 
has been ejected by heat, in the form of lava, scoria, or ashes. 
Usually the opening called the crater, is an inverted cone ; and 
around it, there rises a mountain in the form of a cone, with its 
apex truncated, produced by the elevation of the earth's crust and 
the ejection of lava. The volcanic cones vary in height from 600 
feet (Stromboli,) to 17,730 feet. (Cotopaxi.) Humboldt an the 
Superposition of Rocks, p. 408. 

Drf, When nothing but aqueous and corrosive vapors have been 
emitted from a volcanic citation for centuries, such elevation is 
called a solfatara, orfumerole. 

Def, When volcanos exist beneath the sea, they are called tub- 
marine ; wheiv upon the land, mbaiirioL 
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Descr, As a general fact, yolcanic rents are not insulated monxt- 
tains, but are arranged in extensive lines, or zones ; often reaohing 
half around the globe. 

Exam, 1. Perhaps the piost remarkable line of vents is the long chain 
of islands commencing with Alaska on the coast of Russian America, which 
passes over the Aleutian Isles, Eamschatka, the Eurilian, Japaoese, Fhil- 
4ippine, and Moluccan Isles, and then turning, includes Sumbawa, Java, and 
Sumatra, and terminates at Barren Island in the Bay of BengaL 2. Another 
almost equally eztensiye line, conunences at the southern extremity of Soutih 
America, and following the chain of the Andes, passes along the Uordilleras 
of Mexico, thence into California, and thence northward as &r at least as 
Columbia riyer ; which it crosses between the Pacific Ocean and the Rocky 
Mountains. Parker'9 Tour beyxmd the Roehy Mountains, 8. A Tolcamc re- 
gion, 10 degrees of latitude in breadth, and 1,000 miles lonsp, extending from 
the Asere Mands to the Caspian Sea, abounds in yolcanos, mough very much 
scattered. The region around the Mediterranean, is perhaps better known 
for yolcanic agency than any other on the globe ; because no eruption oocort 
there unnoticed. 

Def, Yoloanos not arranged in lines or zones, are called central 
yolcanos, and are more or less insulated. 

Exam, Iceland, the Sandwich Islands, Society Islands, Island 
of Bourbon, Jorullo in Mexico, and a region in Central Asia, of 
2,500 square geographical miles, from 800 to 1,200 miles from the 
ocean. De la Beckys Theoretical Geology^ p. 130. 

Descr, The number of active volcanos and solfataras on the 
globe, is estimated at a little over 300 ; ^03.) Considerations 
Crenerales sur les Voleans, 4^., par M. J. uirardin, p. 28, Paris, 
1831, and the number of eruptions about 20 in a year, or 2,000 in 
a century ; though on both these points there is room for considera- 
ble uncertainty. 

The following table will show how the actiye volcanos and solfataras are 
&tributed on 2ie globe. 

On Continents. On Uhuidfl. TotaL 

Europe 4 20 24 

Africa 2 9 11 

Asia 17 2« 4» 

America 86 28 114 

Oceanica 108 108 

TotaL 109 194 808 

Descr, 194 of these volcanos, or about two- thirds, are situated 
apon the islands of the sea ; and of the remaining third, the greater 
part are situated upon the borders of the sea, or a little distance 
from the coast. Girardin^s Considerations^ !fc,^ p. 25. 

Inf. Hence it is inferred that water acts an important part in 
Toloanic phenomena ; indeed, it seems generally admitted that the 
immediate cause of an eruption is the expansive force of steam and 
gaMB. It ought not to be forgotten, however, that some volcanos 

13 



290 TOLOAinc xftTTPTiona 

ara flur inland ; as Jomllo in Mexioo, and the Toloanoa in central 
Asia. 

JhtermiUent Volcafios. 

Descr. Only a few volcanos are constantly active; in most 
oases their operation is paroxysmal ; and is succeeded by longer or 
bhorter intervals of repose. This interval varies from a few 
months to seventeen centuries. In the Island of Ischia, the latter 
period has been known to intervene between two eruptions. 

Inf. Hence some of the volcanos of America, generally r^arded 
as extinct, (ha Chimborazo, and Carguairazo in Quito, Tacoza in 
Peru, and Nevado de Toluca in Mexico,) may yet break forth and 
•how themselves to belong to the class of active volcanos. ^ 

Phenomena of an Eruption. 

Deter, A volcanic eruption is commonly preceded by earth- 
quakes in the vicinity ; stillness of the air, with a sense of oppress- 
ion; noises in the mountain; and the drying up of foantaina 
The eruption commences with a sudden explosion, followed by vast 
olouds of smoke and vapor, with flashes of lightning, and showers 
of ashes and stones ; and finally by red hot lava; which flows over 
the rim of the orator and spreads over the surrounding country. 

Descr, Probably the most remarkable eruption of modem tunes 
took place in 1815, in the island of Sumbawa, one of the Molucca 
group. It commenced on the 5th of April, and did not entirely 
cease till July. The explosions were heard in Sumatra, 970 geo- 
graphical miles distant in one direction, and at Ternate in the op- 
posite direction, 720 miles distant So heavy was the fall of ashes 
at the distance of 40 miles, that houses were crushed and destroyed 
beneath them. Towards Celebes, they were carried to the dis- 
tance of 217 miles ; and towards Java, 300 miles, so as to occasion 
a darkness greater than that of the darkest night. On the 12th 
of April, the floating cinders to the westward of Sumatra, were 
two feet thick ; and ships were forced through them with difficulty. 
Large tracts of countrv were covered by the lava ; and out of 
12,000 inhabitiants on the island, only 26 survived. 

Descr, Durine the great eruption of the volcano of Cosignina in 
Guatimala, on me sl^res of the Pacific, in 1835, ashes fell upon 
the island of Jamaica, 800 miles eastward ; and upon the deck of 
a vessel 1,200 miles westward. American Journal of Sciencey 
vol. 33. p. 53. 

Descr. The situation of Vesuvius and Etna has made their his- 
tory better known than that of most volcanos. Eighty one erup* 
tions of the latter are on record, since the days of Thucydides ; 
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and thirty-seven of the formw, since the first century of the Ohrift- 
tian era. That which occurred in Vesuvius A.D. 79, is best 
Tcnown, from the fact that it buried three cities, Herculaneum, 
Pompeii, and Stabiae ; which were flourishing at its base. Not 
much melted lava appears to have been thrown out at the erup- 
tion, which consisted chiefly of lapilli, sand, and stones. Hence it is, 
that almost every thing enveloped in those cities; — streets, houses, 
inscriptions, papyri, (manuscripts,) grain, fruit, bread, condiments, 
medicines, &c., &c., are in a most perfect state of preservation. 
^ They are, indeed, perfect examples of fossil cities ! LydPs Prin, 
Geol.j vol. 2, p. 189. 2>/*. Jatnes Johnson^ s FhUosophy of Tfav- 
elling, p. 232. 

Rem. The vast quantity of aqueous vapor that escapes during a voloanio 
eruptioB, is often condensed and descends in torrents of rain, which falling 
upon the ashes, which the volcano has cast out, converts them into mud ; and 
it was probably mostly mud that enveloped Pompeii, though Herculaneum 
appears to have been covered with melted matter. Mud ready formed, how- 
ever, not unfrequeutly is emitted from volcanos. 

Descr, In the year 1759, in the elevated plain of Malpais in 

Mexico, which is from 2,000 to 3,000 feet above the ocean, and at 

the distance of 125 miles from the sea, a volcanic eruption took 

place, producing six volcanic cones ; now varying in height from 

200 to 1,600 feet. Around these cones, and covering several 

square miles, are a multitude of small cones, from 6 .to 2 feet 

high, called hornitos, which continually give off hot aqueous vapor 

and sulphuric acid. 

jRetn. There is still a diversity of opinion as to the manner in which vol* 
canic cones are formed. Yon Buch, the distinguished Prussian geologistt 
maintains that a large part of the cone is produced by the upheaving of the 
strata, and that the crater, which in such cases he calls a crater of elevation, 
results from the fracture at the summit. Upon this elevated mass lava ao- 
oumulates. Other geologists suppose the cone to be entirely formed of lava. 

Descr, Sometimes during a violent eruption, the whole moun- 
tain, or cone, is either blown to pieces, or falls into the gulf 
beneath, and its place is afterwards occupied as a lake. 

Sxam, 1. In 1772, the Papandayang, a larse volcano in the island of Java 
after a short and severe eruption, fell in and disappeared over an extent 16 
miles long and 6 broad ; burying 40 villages^ and 2,967 inhabitants. 2. In 
1638, the Pic, a volcano in the island of limor» so high as to be visible 300 
miles, disappeared, and its place is now occupied by a lake. 8. Many lakes 
in the south of Italy are supposed to have been thus formed. BcucewelVt 
Chologyt p. 265. 4. A volcano occupying the same spot as the present Ve- 
suvius, is supposed thus to have been destroyed in ^9, and its remains to 
constitute the circular ridge, called Somma, which is several miles in diame* 
ter. 

Dynamics of Volcanic Agency, 

Prin, We can form an estimate of the power exerted by vol- 
cftiiio agency, from three circomstanoes \ first, the amount of lava 
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Eotroded ; cieoofiidl j, from the distance to which masses of rock 
re been projected ; and thirdly, by calculating the force reqnisito 
to raise lava to the tops of existing craters from their base. 

Descr» Yesayias, more than 3,000 feet high, has launched scoria 
4,000 feet above the summit. Gotopaxi, nearly 18,000 feet high, 
has projected matter 6,000 feet aboye its summit; and once it 
threw a stone of 109 cubic yards in volume, to the distance of 
nine miles. 

Duer. Taking the Bpecifio gravity of lava at 2.8, the following table wiH 
•how the force requisite to cause it to flow over the tops of the several vol- 
CMioa whose names are given, with their height above the sea. The initial 
Telocity which such a force would produce, is also given in tbe last oolomn. 

,y^^ Height Foree ezarled Inilial Telodtf 

^""^ in feet. upon the Lava. per second. 

StromboU, (highest peak,) . . 2168 He Atnio«pheies. 811 «»«• 

Vesuvius, 3874 8U 49e 

JoruUo, Mexico 2942 819 602 

Hecbi. Iceland, 610« 418 670 

Etna, 10892 882 882 

Tenerifie, 12464 1009 896 

Mouna Kea, Sandwich Isles, . 14700 1191 966 

Popocatapeti, Mexico, . . . 17712 1485 1062 

Mount Ellas, 18079 1466 1072 

Gotopaxi, Quito, 18869 1492 1104 

Mem, There can be but little doubt but the chimney of a volcano extends 
generally as much below the level of the sea, as it does above ; and ofUsa. 
probably fift^ times as deep ; so that the actual force pressing upon the lava 
m its reservoir, may be far greater than the second column of the preceding 
table represents ; and the mitial velocity much greater than in the third 
colomn. 

Descr. The amount of melted matter ejected from Yesuvius in 
the eruption of 1737, was estimated at 11,839,168 cubic yards; 
and in that in 1794, at 22,435,520 cubic yards. But these quan- 
tities are small compared with those which Etna has sometimes 
disgorged. In 1660, the amount of lava was 20 times greater 
than the whole mass of the mountain ; and in 1669, when 77,000 
persons were destroyed, the lava covered 84 square miles. Yet 
the greatest eruption of modem times was from Skaptar Jokul in 
Iceland, in 1783. Two streams of lava flowed in opposite dhrec- 
tions; one of them 50 miles long and 12 broad; and the other 40 
miles long and 7 broad : both having an average thickness of 100 
feet ; which was sometimes increased to 500 or 600 feet. Twenty 
Tillages and 9,000 inhabitants were destroyed. LydTs Prin. 
Choly vol. 2, p. 254. 



Sescr. 



New Idcmds formed by Volcanic Agency, 



". History abounds with examples of new islands rising out 
of the sea by yolnanio action. Such were Delos, Rhodes, and the 
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Oyolades, situated in the Crrecian Archipelago, and described by 
Pliny the naturalist, and other ancient writers. In more modem 
times, small islands have risen in the Azore group : such as Sab- 
rina in 1811, which was 300 feet high, and a mile in circumfer- 
ence; but after some months it disappeared; another in 1720, was 
six miles in circumference. In 1707, the island called Isola 
Nuova, was thrown up near Santorini, and continues to this day. 
Just before the great eruption of Skaptar Jokul in Iceland in 
1783, a new island appeared off the coast; which, however, subse* 
quently disappeared. In 1796, a new island rose to the height of 
850 feet, having two miles of circumference, in the Aleutian 
group, east of Kamtschatka, which is permanent. In 1806 another 
permanent island rose in the same vicinity, four geographical 
miles in circumference. In the same archipelago, in 1814, another 
peak arose, which was 3,000 feet high ; and which remained stand- 
ing a year afterwards. In those cases where the cone does not 
sink back beneath the sea, it is probably composed of the more 
solid lavas, such as trachyte, or basalt. So late as 1831, a new 
island appeared near Sicily in the Mediterranean, rising to the 
height of 220 feet, and after exhibiting volcanic phenomena for 
some time, it disappeared. GirardMs Considerations^ 4^., sur les 
VolcanSy p. 31. Pauktt Scrope^s Considerations on VolcanoSj p. 
172, London, 1825. I/yelPs Frin. GW.,voL 1, p. 288. Bake- 
tffeS's Geology, p. 261. 

Hem. 1. In some instaaces the islands thus raised, are composed mainly of 
the rocks which form the bottom of the sea ; and which has been npheaved ; 
as the island of New Kamenoi, near St. Erini, which rose in 1707, and which 
was composed partly of limestone and covered with Uvin^ shelUi 

Hem, 2. These islands are not always raised to their full height by a 
single paroxysm of the volcamc force ; but by a succession of efforts for 
months and even years. 

Descr, Very many large islands appear to be wholly, or almost 
entirely, the result of volcanic action ; and to be composed chiefly 
of lava and rocks upheaved by volcanic action ; such as sandstone 
and limestone ; ex. gr. the Sandwich Islands ; of which Hawaii, 
the largest, contains 4,000 square miles of surface and rises 18,000 
feet above the ocean : Teneriffe, 13,000 feet high ; Iceland, Sicily, 
Bourbon, St Helena, Tristan d'Acunha, the Madeira, Faroe and 
Azore Islands ; a great part of Java, Sumatra, Celebes, Japan, 
&c. 

Character of MoUen Lava, 

Descr, Lava in general is not very thoroughly melted ; so that 
when it moves in a current over the country, its sides form wUls 
of considerable height, and a crust soon forms over its surfaoei 
whiob serves still more to prevent its spreading out laierally. 
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MmiL HenM a I*Ta emrent majr be defl«eted from its eoone by breakiiig 
away iU crust oq one side; and in this traj it has sometimes been tamed 
away from towns that were threatened by it. In one instance, the inhalnt- 
ants of Catania attacked a hiva current and turned it towards Patemo, whose 
inhabitants took up aims and arrested the operation. LyeW$ Prin, GhoL, yoL 
2, p. 21a. 

Descr. The omst that forms upon lava soon becomes a good 
non-conductor of heat; and hence the mass requires a long time 
to cool: ex. gr. the case of Jorullo in Mexico, 1,600 feet high, 
which was ejected almost 100 years ago, but is not yet cooL The 
laya thrown out of Etna in 1819, was in motion, at the rate of a 
yard in a day, nine months after the eruption : Scrqpe on Volcanos^ 
p. 101 ; and it is stated that lava from the same mountain, at a 
preyions eruption, was in motion after the lapse of ten years. De 
La BeMs ITteoretical Geolqgy, p. 135. 

Rem, Hub explains a curious fact. In 1828, a mass of ice was found on 
Btna, lying beneath a current of laya. Probably bef(^e this flowed oyer it, 
the toe might haye been coyered by a shower of yolcanic ashes, which are a 
good non-oottductor of heat, and might prevent the immediate melting of it, 
while the superimposed laya has preseryed it from the period of its eruption 
to the present 

Descr. When lava is thrown out upon the dry land, with only 
the pressure of the atmosphere upon it, it is apt to become vesicu- 
lar and scoriaceous; but when cooled slowly and under great 
pressure, it becomes compact and may be even crystalline. 

Volcanos constantly Active 

JDescr, A few yolcanic vents have been constantly active since 
they were first discovered. They always contain lava in a state 
of ebullition ; and vapors and gases are constantly escaping. 

Sxam. 1. Stromboli, one of the lipari Islands, has been obseryed longer 
probably than any yolcano of this class; and for at least 2,000 years it has 
been unremittingly actiye. The lava here neyer flows oyer the top of the 
crater ; though it is sometimes discharged through a fissure into the sea, kill- 
ing the fish, whidi are thrown upon we shore ready cooked It is said to 
be more active in stormy than in fair weather ; likewise more so in winter 
than in summer: a fiict explained by the different degrees of pressure exerted 
by the air upon the lava at different times. When the air is light, the inter- 
nal force predominates ; but when heavy, it restrains the energy of the yol> 
cano. 

Exam, 2. In Lake Nicaragua is a yolcano which is constantly burning. Yil- 
larica in Chili, so high as to be seen 150 miles, is never quiet. The same is 
said to be the case with Popocatepetl, in Mexico, which is nearly 18,000 feet 
high. Ever since the conquest of Mexico it has been pouring forth smoke: 
€hrardin*$ ContiderationBf dcCy p. 188. 

Exam, 3. But the most remarkable volcano on the globe is that 
of Elirauea or Kilauea, in the Sandwich Islands, on Hawaii ; for 
the first accurate account of which we are indebted to American 
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atimion&riea. American Jau/r. of Scimce, voL 11, pp. 1, and 362. 
Bev. Messrs. Stewart and Ellis, the first an American, and the 
latt«r an English missionary, have both given us moat graphio and 
thrilling descriptions of it. It appeiura to be situated upon a plain 
8,000 or 10,000 feet above the ocean, and at the foot of Mounn 
Roa. In approaehing the crater, it is necesflary to descend two 
Bteep terraces, each from 100 to 200 feet high, and extending en- 
tirely aronnd the volcano. The outer one is 20, and the inner one 
15 miles in oireumferenee ; and they obviously form the margin 
of vast craters, formerly existing. Arrived at the margin of the 
present crater, the observer has before him a crescent-shaped galf, 
1,600 feet deep, at whose bottom, which is from 5 to 7 miles ia 
circumference, the top being from 8 to 10, is a vast lake of lava, ia 
some parts molten, in others covered with a crust ; while in numer- 
ous places (some have noticed as many as 50 at once) arc small 
oones, with smoke and lava issuing out of them from time to time. 
Sometimes, and especially at night, such masses of lava are forced 
□p, that a lake of liquid fire, not less than two miles in oircumfer- 
anoe, is seen dashing up its angry billows, and forming one of the 
grandest and most thrilling objects that the imagination can con- 
ceive. Fig. 195 is a view of this volcano taken by Mr. Ellis. 

Fig. 196. 



Vakaito of Jiiraiua : Sandauh Iilanda. 

Sem. A. poverful ernptliui of thEs Tol<iaDa took place io May and Jniia, 
1840. For gereral jearg the great gulf had been gradually Slliag up until it 
WM not more than SOO feet deep. At length the lava found a Bubterruean 
pHMge, and flow«d B mile* under ground, when it reached Ihs lurlaM, and 
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then adTanoed 82 milM farther ; and for three weeks eofitinned to pour islo 
the tea a stream of red- hot lara with frightM hissings and detonationB» 
JiUaionary Herald for July^ 1841. Account by Rev. Mr, Coany Amerieat^ 
MMonary. 

SecU of Volcanic Paufer. 

Prim. Yoloaiiio power must be deeply seated beneath the ear&'s 
crust. 

Proof 1. The melted lava is foroed oat from beneath the aldesl 
rooks; as gneiss and granite: for masses of these rocks are fire- 
qaently broken off and thrown out 2. Lines or trains of voloa- 
nos indicate some connection between the vents ; and the great 
length of these lines, several thousand miles in some instances, can 
be explained only by supposing that the fissure or cavity by which 
the connection is made, must extend to a great depth. 3. Whmi, 
in 1783, a submarine volcano, on the coast of Iceland, ceased to 

2'ect matter, immediately another broke out 200 miles distant, in 
le interior of the island. 4. Were not the power deep-seated, 
Tolcanos would become exhausted ; as they sometimes throw out 
more matter at a single eruption, than the whole moui^tain melted 
down could supply. 

Earthquakes, 

Descr, Earthquakes almost always precede a volcanic eruption; 
and cease when die lava gets vent. 

Jkf. 1. Hence, the proximate cause of earthquakes is obvious: 
vis. the expansive efforts of volcanic matter, confiDcd beneath the 
earth's sunace. 

Inf. 2. Hence, too, the ultimate cause of volcanos and earth- 
quakes is the same, whatever that cause may be. 

Descr. Earthquakes are said to be preceded by great irregular- 
ities of the seasons ; by redness of the sun, haziness of the air, vio- 
lent winds, succeeded by dead calms, and the like ; but it is doubt- 
ful whether these precursors be not more imaginary than real. 
That electric matter, or inflammable gas, or fire, should issue from 
the soil with mephitic vapors ; that noises, like the trundling of 
carriages and the discharge of artillery, should be heard beneath 
the ground; that something like sea-sickness should be expe- 
rienced ; and that animals should show greater alarm than men, 
are all easily believed ; because they are effects naturally resulting 
from the known phenomena. 

Descr. During the paroxysm of the earthquake, heavy rumbling 
noises are heard ; the ground trembles and rocks ; fissures open on 
the surface, and again dose, swallowing up whatever may have 
fallen into ihem ; fountains are dried up ; rivers are turned out of 



thwr oonrsoB; portions of tbe snr&ea are elevated, and portioM 
depressed ; and the aea ia agitated and thrown mto Tast billom. 

Exam. Tha oaeea that might be mentioned, of cities and town*, wholly or 
in part Bubmerged by the ocean, in ooQSequeuce of earthquake!, are vary 
numerous. In IJie ^ear 876, Mount Acraces is aaid to have fatten into tha 
eea; in 641, Fompeiopolie waa half swallowed up ; in 1E92, a port of Fort 
Rojal in the West Indies was aunlc; in I1S5, a part of Lisbooi in 1812, a 
part of Cara<<eaa. About the same time numeroua earthquakes nutated the 
valle; of the Utesiaiippi, for an extent of SOO miles, from the mouth of the 
Ohio, to that of the St. Fi'ancia, whereby numerous tracts were sunk down 
and others raited, lakes and islands were fonned, and the bed of Uie Uisais- 
sippi was exceedingly altered. In 1310. the bed of the Indus, at its mouth, 
was annk IS feet, and the village and port of Siadree submerged. At the 
same time a tract of the delta of the Indus. SO miles long and 16 broad, was 
elevated about 10 feet. In Oaraccas, in IIUO, a forest was sunk over a space 
□f 800 vards in diameter, to the depth of 80 or !0O vards. Ia 1183, a large 
part of Calabria wse terribly convulsed by earthquakes, over an area of BOO 
square miles. The shocks lasted for four years; in 1788, there were 849, 
and in 1784, 161. A vast number of fissures of every form were made in the 
earth, and of course a great many local elevations and suhaidenaes ; which, 
however, do not appear to have exceeded a few feet. In same sandy plains, 
singular circnlar hollows a few feet in diameter, and in the form of an in- 
verted oone, were produced by the water, which was farced up through tha 
MuL B<Hue of these are exhibited on Fig. IS6. 

Kig. 196. 
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irMo dutanee tht ir«et are wteiwling in the bottom of the stream, at an arer* 
age depth of twenty feet ; onl j that part of them above high water mark be- 
ing broken oft He oould discover no evidence that this tract had separated 
from the bank of the river. But the whole region appears to be one of ex- 
tinet volcanoe, and the river passes through hills and walls of basalt, and most 
probably this is a case of subsidence from an earthquake. The banks are too 
high and rocln^ to admit of the explaoation that a lake has been formed by 
the river cuttmg through its levee, and overflowing the adjacent low ground, 
whereby, along the Mississippi, a lake with trees standiiu^ in it» is sometimes 
produced. Parket'i JSxplortnff Tmtr beyond the Rocky Mountainty p. 182. 

The most extensive elevation of land on record by means of earthquakes, 
took place on the western coast of South America in 1822. Hie shock waa 
felt 1,200 miles along the coast ; and for more than 100 miles the coast was 
elevated from three to four feet; and it is conjectured that an area of 100,- 
000 square miles was thus raised up. This case, originally noticed by Mrs. 
Graham, and subsequently by Dr. Meyen and Mr. Freyer, has excited a great 
deal of discussion among European geologists ; nor can it yet be regarded as 
absolutely settled ; for Sir. Cummin;^, an able naturalist, who resided at Val- 
paraiso at the time of the earthquake, (wiiosc greatest power was exhibited 
there,) says that the spring tides rose to the same height upon a wall near 
his house after the event as before. LyelVe Prin. GeoL, vol 2, p. 302. 

Bern, 1. In estimating the permanent effects of earthquakes, it ought to be 
recollected that the changes of level which they produce, often balance one 
another, after the lapse of a few months or years. 

Rem. 2. The numoer of earthquakes is probably about the same as that 
of voloanio eruptions, viz. about twenty annually. 

Vertical Movements of Land toUhout Earthquakes. 

Descr. It seems to be pretty well established, that various parts 
of our present continents are subject to vertical movements, either 
of elevation or depression, or of both, in alternation ; and that too 
in districts not known to be subject to the action of earthquakes, 
or of volcanic agency in any form. 

Bxanu 1. The most certain example of elevation of an extensive tract of 
country in comparatively recent times, is that of the northern shores of the 
Baltic, investigated with great alxlity by Von Buch and LyelL Some parts 
of the coast appear to have experienced no vertical movement But from 
Gothenburgh to Tomeo, and from thence to North Cape, a distance of more 
than 1,000 geographical miles, the country appears to have been raised up 
from 100 to 700 feet above the sea. The breadUi of the region thus elevated 
IS not known, and the rate at which the land rises (in some places towards 
four feet in a century) is different in different places. The evidence that such 
a movement is taking place, is principally derived from the shells of mollusca 
now living in the Exilic, being found at the elevations above named ; and 
some of the barnacles attached to the rocks. They have been discovered 
inland in one instance 10 miles. LyeWe Prin. GeoL, vol 1, p. 437. 

The upward movement appears to have varied considerably in 
different localities, and in the southern part of Sweden the land 
would seem to have sunk instead of rising. JJt/elTs Manual^ p. 
46, 1852. Robert Chambers has shown from the terraces that a 
district in Finmark, 40 geographical miles in extent, has sunk 58 
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feet at one extremitj, and risen 96 feet at the other. Sdin, New 
Phil, Journal^ Jan. 1850. 

Exam. 2. Dr. Pingal, a Danish naturalist, has made it probable that the 
coast of Greenland, for 600 miles in a north and south direction, has been 
sinking beneatli the ocean by a slow and insensible moyement. Both Green^ 
land and Scandinavia are remarkably free from earthquake action. 

JSxam, 3. Mr. Darwin has shown, beyond all question, that the eastern 
part of South America has been raised in the most quiet manner, without 
disturbing the horizon tality of the strata, from 100 to 1,400 feet, 1,180 miles 
in extent, since the drift period. It is difficult to explain such a movement 
by coDunon earthquake action. Dartoin's Geol, Obs. on 8. America, p. 16. 

JSxam. 8. In Scotland, England, and Wales, beaches of existing sea shells 
are found in many places at various altitudes, from a few feet to 1,000 feet 
Quarterly Journal of Geology, Aug. 1852, p. 872. 

JExam^ 4. In this country the examples are numerous in which raised 
beaches contain existing species of sea shells, as already mentioned, to the 
height of 500 feet : as at Lubec and Portland in Maine ; near Montreal ; in 
Vermont ; near Boston, Mass. ; and Brooklyn, N. Y. In Section VI., more- 
over, I have attempted to show that we have evidence in terraces and raised 
beaches, of the gradual elevation of our continent at least 2,500 feet, without 
any disturbance even of the materials of beaches and terraces, and therefore 
not probably by any paroxysmal force like an earthquake. 

JSxam,. 5. Darwin and Dana have shown that over a wide area of the Pa 
eific ocean, a part of the islands are rising, and a part sinking by a sort of 
see-saw movement. 

Rem. The causes of these unnoticed vertical movements, aside from earth- 
quakes, will be better understood after treating more fully of igneous agen- 
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Svibmarine Forests. 

Descr. On the shores of Great Britain, France, and the United 
States, usually a few feet beneath low-water mark, there occnr 
trees, stumps, and peat, seeming to be ancient swamps, which have 
subsided beneath the waters, sometimes to the depth of ten feet. 
In many cases the stumps appear to stand in the spots where they 
originally grew ; yet it requires great care to ascertain this fact. 
For localities^ see De La ^ech^s Matmalj p. 151. Li/elPs Prifu 
Ged., vol. 2, p. 46, 80; vol. 3, p. 315, and vol. 2, p. 140. Final 
Report on tfie Geology of MassojchiLsetts^ p. 307. 

Origin of Submarine Forests. It is probable .that this phe- 
nomenon results from several causes. 1. When the barrier be- 
tween a peat swamp and the sea is broken through, so that the 
water may be drained off, a subsidence of several feet may take 
place in the soft spoDgy matter of the swamp, sufficient to bring 
it under water. 2. From a case which I have described on Hogg 
Island, in Oasco Bay, (Boston Journal of Natural History, vol. 1, 
p. 338,) I have in&rred that some submarine forests may have 
been produced by the gradual removal of the contents of a peat 
swamp, by the retiring tide, after the barrier between it and the 
ocean has been removed so as to form a slight slope into the sei|. 



At the ipot refeirad to, the prooeoB may be seen partly ooiiq[ftkted. 
3. But probably most Babmarine forests were prodneed by earth- 
quakes, or other eanses of sabsidenoe, which we find to have oper- 
ated on the earth^s snr&oe; and the explanation of which will be 
better understood afkr the statement oi more &ets relating to 
jgneons agency. 

J%ermal Sjprings, 

Deter, Hot springs are very common in the vicinity of rolr 
esaos ; sach as the well known geysers in Iceland. Some of these 
are intermittent, probably in consoqnenee of the agency of steam 
within sabterranean cavities. The great geyser consists of a basin 
56 bv 46 feet in diameter ; at the bottom of which is a well 10 
feet m diameter and 78 feet deep. Usoally the basin is filled 
with water in a state of ebollition ; bat occasionally an eruption 
takes place, by which the water is thrown up from 100 to 200 feet, 
until it is all expelled from the well, and there follows a column 
of steam with amasing fotoe and a deafening explosion, by which 
the eruption is terminated. These waters hold siUca in solution ; 
as do those of the Azore Islands; and extensive deposits are the 
result The coating over of vegetables by this siliceous matter, 
has given rise to the common opinion that certain rivers and lakes 
possess the powar of rapid petrifaction. 

Xkscr. Thermal springs are not confined to the vicinity of vol- 
oanos. They occur in every part of the globe ; and rise out of 
almost every kind of rock. They frequently contain enough of 
mintf al substances to constitute them mineral waters. But one 
of their most striking properties is the evolution of gas ; such as 
carbonic acid, nitrogen, oxygen, sulphuretted hydrogen, &c, in 
a free state. 

Tkeaty cf Thermal Springs, When tkesejmriags occur m vol- 
canic districts, their origin is very obvioua The water which per- 
colates into the crevices of the strata, becomes heated by the vol- 
canic fomace below, and impregnated with salts and gases by the 
sublimation of matter from the same focus. Dr. Daubeny, who 
has devoted great attention to this subject, has also endeavored to 
diow that the thermal springs not in volcanic districts, in a large 
majority of cases rise either from the vicinity of some uplifted 
ohi^iz^ pf ^^Qunt^ns, or from clefts and fissures caused by me dis- 
ruption of the strata ; and therefore, in all such cases are probably 
ihp result of deep-seated volcanic agency, which may have been 
loBff in a quiescent state. If this view of the subject be not abso- 
lut3y proved, it is at least extremely probable, liepart on Min^ 
eraiand Turned Waters, ly Prof, Dauben% 1836, p, 62. 
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Extinct Voloanos, 

JDescr, Many writers maintain that there is a marked diflbrenoe 
between the matters ejected from active and extinct yolcanos. It 
is said that the more modern lavas have a harsher feel, are more 
cellular, and more vitreous in their appearanQe, and also less fels- 
pathic than the ancient. Girardin^s Considerations sur les 
VolcanSj p. 13. JDe La Beckers mantml p. 126. But it is doubt- 
ful whether any character will satisfactprily distinguish them, ex- 
cept the period of their eruption. 

Descr. The extinct volcanos are of very different ages. Some 

of them were active during the tertiary period, some during the 

drift period ; and some since that time. The lava, especially in 

the most ancient, was not always ejected from conical elevations, 

so aa to form regular craters, but along extended fissures. In 

some instances, as a mountain called the Puy de Ohopme in Au- 

yergne, which stands in an ancient crater, and rises 2,000 feet 

above an elevated granitic plain, itself about 2,800 feet above the 

sea, iUere is a mixture of trachyte and unaltcired granite. 

jEvom. 1. The eztioet yoksaoos of Auvergne, and the Boath of France, hare 
lone ezdlted deep interest ; and have been fully iUoatrated bv Scrope, Bake- 
weu, and others. Near Olermont, the landscape has as deeidediy a volcanie 
aspect as in any part of the world ; of which Fig. 197 will convey some idea. 

Fig;m. 




Extinct Volcanos: Auvergne, 

2. Es^inct volcano^ esdat also in Spain, in Portugal, in Germany, along the 
Bhine, in Hungary, Stjrria, Transylvania, Asia Minor, Syria, and Palestine. 
To the east of Smyrna in Asia Minor, is a region called the Surnt District^ 
(Eatakekaiunena of the Greeks,^ because it shows such striking marks of ex- 
tinct yolcanos. In the valley of the Jordan, especially around lake Tiberias, 
esctending as far north-west as Safed, volcanic rodcs abound, with warm 
springs and occasional earthquakes. Jtohinson and SmM* Biblical lie- 
tearches in Palestiw^ dtc., vol. 3, p. 312. 

Descr, That the region occupied by the Dead Sea has been some time or 
other Uie seat of volcanie action, can hardly be doubted. For a lake so 
charged with saline matter as this, and producing bitumen, and having more- 
over cli^Ea of rock salt upon its margin, with sulphur occasionally, and being 
depressed more than 1,800 feet below the level of the Mediterranean, 
must be referred to such an agency. Robinson and Smith, vol. 2, p. 221. 
And it has been usual to suppose that the five ancient cities, Sodom, Go- 
morrah, Admah, Zeboim, and 2oar, which undoubtedly occupied wliat is now 
the southern part of the Dead Sea, were destroyed by a volcanic ernptioQ. 
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11i«re k a pMng* in Uie Book of Job^ (ohap. 28, r. IS to 20,) wfaidi, if it r«» 
§&r to that eatattroplie, leads maeh probability to this sappotttioiL Dr 
Handanon that translataa the paaeage. 

** Haat thoa obeeryed the andent traet 
That was troddea hj wicked mortals, 
Who were arrested on a sudden ; 
Whose foondation is a molten floiodt 
Who said to God, depart firom us, 
What can Shaddid do to us f 
Though he had filled their houses with wealth. 
(Far from me be the counsel of the wicked I) 
The righteous beheld and rejoiced, 
Hie innocent laughed them to scorn ; 
Surely their substance was carried away, 
And tiielr riches devoured by fire." 

jRmi. It may stiQl be doubted whether an eruption has taken plaoe in th« 
Tiolnity of the Dead Sea so recently as the time of the overthrow of tdie citiea 
of the plain. Indeed, my own conTictions are, after reading the accounts 

given us by modern travellers and missionaries, especially by Robinson and 
mith, that this region is to be ranked among the extinct, and not among the 
active volcanos. Dr. Robinson states that the rocks which constitute the 
mountains around the Dead Sea, are limestone, and says that ** he is not 
aware that the dark basaltic stones so frequent around the lake of Tiberias 
have even been discovered in its vicinity," except a large specimen of augitic 
vesicular lava, found by Rev. Mr. Hebard near the month of the Jordan. 
JHetearcheMf Jte^ vol. 2, p. 221. I possess, however, a specimen of dark porous 
lava, presented to me by the Rev. Mr. Homes with this label ; '* from a 
mound once surrounded by water on the shores of the Dead Sea." I under- 
stood from that gentleman, who, himself, picked up the specimen, that the 
mound, or hummock, was composed of the same. It is Impossible, however, 
to determine from the appearance of a mngle specimen, whether it is the pro- 
duct of an active or an extinct volcano, or whether it may not belong to a still 
earlier period. It does prove, however, that igneous rocks have been pro- 
truded near the Dead Sea at a comparatively recent epoch. The spedmeo 
found by Mr. Hebard, of which I possess also a fragment, is more decidedly 
vesicular than I have ever seen any greenstone or basalt. 

Deser, ** Professors Michaelis and Busching suggest, that Sodom and Gk>- 
morrah were built upon a mine of bitumen, that hghtxiing kindled the com- 
bustible mass, and that the cities sunk in the subterranean conflagration." 
Eneyc Relig. Knowledge^ Art. Dead Sea. Messrs. Robinson and Smith have 
recently suggested this hypothesis anew, and more fully illustrated it, by 
reference to the pitch lake of Trinidad, and the remarkable protrusion of an 
unmelted basaltic dyke in 1820, in the island of Bonda. Am. Bib. Repot. 
Jan. 1840, p. 24, mbo Biblical Besearehes in Palestine, <ke., vol. 2, p. 669. 
See Of^eetions to this hypothesis bv Dr. Zee. Am. Bib, Repos. April, 
1840, p. 824. The principal difficulties in the way of this hypothesis are, 
first, to see how the bitumen, buried beneath a considerable thickness of soil, 
could have burnt rapidly enough suddenly to destroy the cities and their in- 
haUtants ; and secondly, to conceive of a bed of bitumen so thick, as by its 
combustion to sink the surface from the present high water mark to the 
bottom of the sea. Dr. Robinson describes the high-water mark as seen by 
him ** a great distance," south of the margin of the Sea at that time. The 
surfiEuse, therefore, must have suffered a great depression. Would it not 
somewhat relieve these difficulties to suppose volcanic action combined with 
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ttie eombustion of the bitumen. No geologist wiU doabt the ctHreetneM of 
Von Buch's opinion, that a fault exteocU from the Red Sea through the yalley 
of Arabah and the Jordan to Mount Lebanon ; and along that fissure we 
might expect volcanic agency to be active. But it might have produced 
very striking effects without the ejection of lava. Earthquakes sometimes 
cause the surface to sink down many feet, and flames have been seen to issue 
through the fissures which they produce Thus might the slime pits (literally 
wells of asphaltum) have been set on fire, immense volumes of steam, smoke, 
and suffocating vapors have been set at liberty, perhaps, too, the remarkable 
ridge of rock salt called usdum, have been protruded, and finally, by the sub- 
sidence of the surface after the destruction of the cities, might the waters of 
the lake have flowed over the spot. In a similar manner was the city <^ 
Euphemia, in Calabria, destroyed in 1688. " After some time,** says Eircher, 
who was near the spot, '* the violent paroxysm (of the earthquake) ceasing, I 
stood up, and turnms^ my eyes to look for Euphemia, saw only a frightful 
black cloud. We waited till it had passed away, when nothing but a msmal 
and-putrid lake was to be seen, where once the city stood." Dr. Robinson 
has, indeed, made it almost certain that the Dead Sea existed before the ca< 
tastroplme of Sodom, and that the Jordan, before that period, did not flow 
through El Ghor and Arabah into the Red Sea ; but a sinking down of the 
surface a few feet at that time, is not inconsistent with these facts. But I 
will not enlarge further on a subject so difficult. Nor should I have said so 
much, bad I not read the very accurate descriptions of that country by 
Messrs. Robinson and Smith. 

Rem,, An explorer sent out by the French government in 1850 and *51, pro- 
fesses to have observed the ruins of Sodom on the hill of rock salt called Us- 
dam, at the south-west part of the Dead Sea ; and the ruins of GK>morrah, at 
the north-east extremity of the sea ; also those of Zeboira, on the west shore. 
These discoveries, if confirmed, will modify our views of the destruction of 
these cities. Putnam! s Magazine for Dec, 1853. 

Descr, According to Prof. Parrot, Mount Ararat in Asia, is an extinct vol- 
cano. A specimen sent me by Rev. Justin Perkins from that mountain is 
decidedly vesicular lava 

Deser. A large proportion of the lofty peaks of the Andes and the moun- 
tains of Mexico belong to the class of extinct volcanos ; and it is very proba- 
ble, from the statements of Rev. Mr. Parker and others, that a vast reg^n 
between the Rocky Mountains and the Pacific Ocean is of the same chi^ac* 
ter. For although he describes the prevailing rock as basalt, and only inci- 
dentally alludes to volcanic cones and craters, yet in personal conversation 
he assures me that regular craters are not unfrequeot ; and having shown 
him specimens of trachytes from the continent of Europe, he at once identified 
them with rocks found associated with the basalt of that region. 

Descr, The size of ancient volcanic cones and craters was often 
very large. 

Exam, In the middle and southern paints of France, extinct volcanos eover 
several thousand square miles. Between Naples and Oumea, in the space 
of 200 square miles, according to Brieslak, are 60 craters ; some of them 
larger than Vesuvius. The city of Cumea has stood three thousand years in 
a crater of one of these volcanos. Vesuvius stands in the midst of a vast 
crater, whose remains are still visible, called Somma. The volcanic peak of 
Teneriffe stands in the centre of a plain, covering 108 square miles, which is 
surrounded by perpendicular precipices and mountains, whidi were proba- 
bly the border of the ancient crater. According to Humboldt, all the moim 
tauous parts of Quito, embradng an area of 6,800 square miles, may be oon- 
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ddoMd at aa immenM Toletiio, wUcb ooew gete yent aomttimes ibroogh imm, 
and flometimM througli anotiier of its derated peaks ; but which must hare 
been more active in former times, to have produced the results now wi^ 
nessed. We have seen that the great volcaiio of Kilauea, oo the Sandwich 
Islands, is surrounded by two circular walls, one 16, and the other 20 miles 
in circumference, which must have marked the limits of the crater in early 
times. Two other ancient craters exist in the island of Maui, one 24 and the 
other 27 miles in circuit Cauthoy im Ooiral Forwiaium^i p. 9. 

Inf, From such facts it has been inferred by many geologists, 
(ex. gr. Scrope, BakeweU, Phillips, Brongniart, Girardin, &c.) 
that Toloanio afenoy in early times was more powerful than 
at present, and uat it is gradually diminishing. Mr. Lyell, how- 
ever, considers this view as entirely erroneous, and quotes the 
eruption from Skaptar Jokul, in 1783, as equalling any that is 
known to have occurred in ancient times. UyeWs Prin. Geoi.j yoL 
2, p. 254. 

The Older Unstratified Rocks. 

Bmn. So rapid has been the change of opioion respecting the origin of the 
nnstratified rocks, that from an almost universal belief in their depoeition 
from water, geologists are now nearly or auite unanimous in ascribing them 
to igneous agencr. A brief summary of tne arguments that sustain this lat- 
ter opinioo, will be, therefore, all that is now necessary to present. 

Prin. The different unstratified rocks appear to be the result 
of Yolcanic agency, exerted at different periods under different cir- 
cumstances. 

Proof 1. Identity of lithological c/iaracters bettaeen recent lar>as 
and several varieties of unstratified rocks. The amygdaloids of 
the trap rocks often exactly resemble those vesicular lavas which 
are cooled in the open air; while the compact trap rocks can 
scarcely be distiuguished from the compact lavas of submarine 
production. Some varieties of trachyte very much resemble gran- 
ite, and the two rocks oflen pass insensibly into each other ; so 
that it is difficult to say whether trachyte be melted granite, or a 
portion of the materials out of which granite was originally pro- 
duced, cooled in a different manner. 

Proof 2. The insensible gradation of the different unstratified 

rocks into one another. In the same continuous mass we find a 

gradual passage from trap into all the other unstratified rocks ; so 

that the same general cause that produced one variety, must have 

produced the whole. It is very rare, however, that coarse granite, 

destitute of hornblende, graduates into trap rocks of the same age. 

In general, they appear to have been formed at different epochs. 

MaccuUoclCs System of Geology ^ vol. 1, p. 157. 

Rem. It must not be inferred from this statement, that all the unstratified 
rocks have resulted from the same melted mass, cooled under different cir- 
oumstanoes ; for the difference in their chemical composition is too great to 
admit of suoh a conclusion. Hee Section 4, p. '78. 

Proof 3. The mode of occurrence of the unstratified in relation 
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to the stratified rocks. We bftve seen (Section IV.) that the for- 
mer exist as protruding, intruding, and overlying maeses, and oo- 
cupjing veins In the latter. Now these are the precise modes in 
whioli recent lava occurs when connected with stratified rocks: 
whereas no example can be produced in which rodcs have been 
made to take these forma by aqneona agency. Indeed, it is diffi- 
cult to conceive bow this would be possible. 

Froof 4. The coluninar structure, o/" the trap rocks. This struo' 
ture ia not nnoommon in lavas. The experiments of Mr. Watt 
also, upon 700 pounds of melted basalt, which on cooling aasnmed 
the columnar form, as detailed in Section IV., confirms this view ; 
whereas no example of snch a structure from aqneoos agency has 
ever been found. * 

PTO(tf 5. The crystaMiae structure of some of the ttnstreUified 
rocks. When several substances are contained in an aqueous men- 
struum-, it is difficult to make them crystallize except in success- 
ion ; whereas in granite the different inp-edients appear to have 
crystallized simultaneously. And if the materials of granite, or 
of glass, be melted and slowly cooled, especially under pressore, 
most if not ail the ingredients will assume more or less of a crys- 
talline form at the same time. 

Proof 6. The mechanical effects produced by the umtratified 
upon the stratified rocks. In the vicinity of veins and irregular 
masses of the unstratified rocks, the stratified ones are bent and 
twisted in every conceivable manner, and sometimes broken en- 
tirely. Not uu&equently also, fragments of the stratified rocks 
are broken off and entirely imbedded in the veins of the unstrati- 
fied. In almost every case an upward or a lateral force appears to 
have been exerted; showing that the veins were filled from be- 
neath. For examples, See MaccuUoch's Geology of Glen I'ilt in 
th£ Geological Transactions. Also his Geology o^ the Western El- 
ands. Also Final Report on the GetJogy of Mass., pp. 414, 416, 
418, 464, &c. Fig. 193 shows a vein of greenstone, passing 
through a ledge of sandstone near New Haven, on the road to 
Middletown, the sandstone being bent upwards. 
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Pnipfl, The chemical effktsprtxliuxdupfm the Ur^ 
by the contact of the unstratified. These effects are precisely the 
Bune as those produced by dykes of recent lava. Thus, compact 
fossiliferoas limestone and cnalk, where dykes of trap rocks, por- 
phyry, and granite pass through them, are changed into crystaUine 
limestone ; shale and sandstone are indurated and converted into 
siliceous slate or jasper; as at Nahant, Mass., Newport, Khode 
Island, and Rooky Hill, near Hartford, Ct ; micaceous sandstone 
and other slaty rocks are changed into mica slate, or hornblende 
slate. Now these are effects that could not result from any other 
agency with which we are acquainted except heat. And in respect 
to chalk, an experiment of Sir James Hall is decisive. He con- 
fined some 6f it in a strong iron tube, and subjected it to a strong 
heat, which, liberating the carbonic acid, produced a powerful 
pressure, and the result was crystallized carbonate of lime. Bake- 
well's Geology, n, 146. 

Obf, The older unstratified rocks present no example of a vol- 
oanic cone or crater. 

Ans, 1. They appear in general to have been produced by a 
force aotinff along extended fissures, and not directed to particdar 
foci. 2. if these cones and craters once existed, the powerful de- 
nuding agenoies that have operated on the globe may have de- 
stroyed theuL « 

Prin, The greater degree of crystallization in the older unstrat- 
ified rocks may be explained by supposing a more perfect fosion of 
the materials than in recent lavas, and greater slowness in cooling, 
under perhaps the more powerful pressure of a deep ocean. 

TeTn^)erature of the Globe. 

Pnn. The principal circumstances that determine tbe tempera- 
ture of the globe and its atmosphere, are the following: 1. Influ- 
ence of the sun. 2. Nature of the surface. 3. Height above the 
ocean. 4. Temperature of the celestial spaces around the earth. 
5. Temperature of the interior of the earth, independent of exter- 
nal agencies. 

1. Solar heat. The solar rays exert no influence as a general 
fact, at a greater depth than about 100 feet. (Baron Fourier 
mentions 130 feet as the maximum depth ; Poisson fixes it at 76 
feet. Am, Jour, Science^ vol. 32, p. 5, and vol. 34, p. 59.) A 
thermometer placed at that depth remains stationary all the year. 
The diurnal effect does not extend more than three or four feet. 
In receding from the tropics, the amount of solar heat diminishes 
During six months it continues to increase, and to diminish the 
remaining six months. The decrease of the mean temperature 
from the equator towards the poles, is nearly in the proportion of 
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the eosines of latitude. Prof. Forbes has recently made some 
obseryations near Edinburgh, from which it appears that the oscil- 
lations of annual temperature would cease at the depth of 49 feet 
in trap tufa, 62 feet in incoherent sand, and 91 feet in compact 
sandstone. Ama^ican Journal of Science, vol. 38, p. 109. 

Mem, Solar heat is the fuodamental element on which depends the sur&oe 
temperature of the globe and the character of the climate. 

Prin. The amount of solar heat is actually though very slightly 
diminishing in consequence of a change in the eccentricity of the 
earth's orbit. The possible amount of this diminution is not 
known, because the limits of the eccentricity of that orbit are not 
known. But there is no probability that the annual temperature 
ever has changed or ever will change from this cause, more than 
3*^ or 4°. A7n. Jour. Sci., vol. 36, p. 332. Hence this cause is 
insufficient to account for the extra-tropical heat of the present 
cold regions of the earth in early times. 

2. Nature of the surface. The radiating and absorbing power 
of land is quite different from that of water. Ice and snow are 
still more different ; and the nature of the soil affects sensibly its 
power to imbibe or give off heat. Hence low islands have a higher 
temperature than large continents in the same latitude ; and the 
ocean possesses a greater uniformity of climate than the land. 

Rem. On these facts Mr. Lyell has founded an hypothesis for explaining 
the high temperature of the snrface of the globe in northern latitudes in 
early times. Ue supposes that but little land then existed in the northern 
parts of the globe, and that this produced so great an elevation of tempera- 
ture, above what it is at present, that tropical plants and animals might then 
have inhabited regions now subjected to almost perpetual winter. That the 
quantity of dry land in the northern hemisphere during the deposition of the 
older fossiliferous rocks was much less than at present, is very probable ; and 
that this would render the climate warmer and more uniform is made certain 
by comparing the climate of Great Britain with that of the United States. 
But that from this cause the climate of Canada, of the north-west coast of 
America, between 60^ and 70^ of north latitude, and even of Greenland and 
Melville Island, where the thermometer now descends to 68° below zero, 
was so mild and uniform as to produce tropical ferns, lepidodendra, <&c, is a 
position which will need strong proof; especially when we recollect that for 
several months annually they must have been most of the time in darkness. 
Those, however, who wish to see this hypothesis ably defended, may consult 
.LyelVz Prin. Geol., vol. 1, p. 160, «fcc. 

3. Height ahove the ocean. The temperature of the air dimin- 
ishes one degree (Fahr.) for 300 feet of altitude ; two degrees for 
595 feet; three aegrees for 872 feet ; four degrees for 1,124 feet; 
five degrees for 1,347 feet; and six degrees for 1,539 feet. Hence 
at the equator perpetual frost exists at the height of 15,000 feet, 
diminishing to 13,000 feet at either tropic. Between latitudes 
40*' and 59'', it varies from 9,000 to 4,000 feet. In almost every 
part of the frigid zone this line descends to the surfaee. These 
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raralts, however, are greatly modified bj sereral oiroiiiiiakaaeefl ; 
80 that, in fact, the line of perpetual congelation is not a r^nlar 
curve, bat rather an irregular line descending and asc^idinff. 
Amencan Journal of Science^ vol 33, p. 52. Introduction a kt 
Geographie McUhematique et Physique par S, F. Ijacroix, p. 
289. 

4. Thnperature of the celestial spaces around the earth. This 
cannot be much less than the temperature around the poles of the 
earth, where the solar heat has scarcely no influence. Now, the 
lowest temperature hitherto observed on the globe, (at Melville 
Island,) is 58^ below zero ; and this has been assumed as the tem- 
perature of the planetarv spaces. Hence it follows that there 
must be a constant radiation of heat from the earth into space. 

5. Temperature ef the Interior of the Earthy independent ef 

External Agencies. 

Frin. In descending into the earth, beneath the point where it 
is affected by the solar heat, we find that the temperature regu- 
larly and rapidly increases. 

ProcfX. ITie temperature of springs which issue from the rocks 
in mines, as shown in the following taJUe : 





Temperature of Springs in 


mines. 








Kuni. 


1^ 


1^ 


Mean tem- 
perature at 
Surface. 


IS 


Saxony . . 


Lead and Silver Mino of 












Junghohe Birk .... 


266 


4809 


46.9 


102.4 




do of Beschertglack . 






112 


54JS 


46.4 


87. 




do do 






840 


56.8 




80.7 




do HimmeUahrt . . 






785 


57.9 




68.9 




do Kuprioz .... 






634 


8U.1 




18.8 


BHttany . 


do PouUauen . 
do do 
do do 










128 
246 
459 


53.4 
58.4 
58.8 


52.7 


182. 

851. 

82. 




do Huelgoet . 










197 


54. 


51.8 


89.5 




do do 










262 


59. 




86.4 




do do 










894 


59. 




54.7 




do do 










755 


67.5 




48.4 


Oornwall . 


Dolcoath Mine 








1440 


82. 


50. 


45. 


Mexico . . 


Guanazato, Silver Mine 




1718 


98.2 


68.8 


4&8 



Proof 2. Thnperature of the rock in mmes^ as shown in the 
follo?mig table : 
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309 



T7 



osunniBi. 



MXNBS. 



¥ 



a® 




1. /n loo9e matter near thefa^e of the rock. 



Cornwall , 
Oarmeauz 
France. 

Littry, do. 

Decifie, do. 

do do. 



[ 



United Copper Mines 
Coal Fit of Rayin . 

do of Castellan . . 

do of St. Charles . 

do of St. Jaoobi . . 

do do . • 






1142 


87°4 


60° 


1201 


88. 




597 


62.8 


52 


630 


67.1 


52 


825 


61. 




851 


64. 




561 


71.7 





2. In the rock near its surface. 

Saxony . . . Mine of Beschertgluck . 
do do 

do do 

do do 

do do 

do do 

S. Three feet three inches within the rock, 

Dolooath Mine. Reg- 
ister kept 18 Months. 
Jjead and Silver Mine 
of Kurpinx 

do 

do ..... 
Coal Mines 



591 


52.2 




818 


59. 


46.4 


236 


47.7 




552 


55. 




880 


59. 




1246 


66.7 





Cornwall 
Saxony , 



E. Virginia . 



1881 


75.6 


50. 


413 


59.6 




686 

1063 

780 


62.5 
67.7 
68.7 


56.7 



80.5 
81.1 
66.8 

40.8 
86.1 
29.2 
28.5 

101. 
67. 

174.7 
68.7 
69.8 
64.4 



64. 

81.8 

4^.6 
49.9 
60. 



In a colliery at Wigan, in Lancashire, England, at 150 feet deep, the tem- 
perature was constantly 53° ; at 450 feet, it was 56°75 ; at 760 feet it was 
63°. This would give an increase of one degree for every 48 feet. Am, 
Jour, of ScieneCy vol. 84, p. 36. 

A single experiment in the dee|5e8t coal mine in Great Britain, near Sun« 
deriand, gave the following results: depth of the place of observation, 1,684 
feet; below the level of me sea, 1,500 feet Mean annaal temperature at 
the surface, 47°6 ; temperature on the day of observation, (Nov. 15, 1884,) 
49° ; do. of the air at tne bottom of the pit, 64° ; close to the cojil, 68° ; do. 
of water collected at bottom, 67° ; do. of salt water issuing from a hole made 
the same day, 70° 1 ; do. of gas rising through the water, 72°6; do. of the 
front of the coal, 68° ; do. of the same, left in a bore hole for a week, 7l°2 
Hence the heat increases at the rate of about a degree for every 60 feet. 

Eem. Attempts have been made to explain this increase of temperature in 
mines by other causes than the deepnseated heat of the earth. But .they are 
unsatis&ctory. lliey will be described, however, when we come to speak 
of the objections to the doctrine of internal heat. 
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Proof 3. TkmparQlwrt af ArteHan Willi, as shown in the &!• 
lowing table : 



LOCALinSI. 




Paris : Fountain de la Garde St. Ouen 

I>a near the Barriere de Orenelle. 
Dept du Gktrde et des Pas Calais 
Fountain Artesienne de Marguetie. 

do d'Aire. 

do de St. Venant 

Sheerness, England, mouth of the Med- 

way 

Tours 

A well at La Roohelle 

Near Berlin, Prussia, at 

do the same well, at .... 
do do. at .... 

Near New Brunswick, N. Jersey, at the 

depth 

do at 

South Hadlej, Mass. ...... 

Charleston, S. C. 



216 


6101 


6602 


1800 


61.1 


88. 


184 


60.5 


54.5 


207 




56.9 


828 




57.2 


861 


60.9 


69.9 


469 


62.7 


68.5 


869 


.58.4 


64.6 


675 


49.1 


67.66 


616 




68.95 


892 




62.82 


250 




62. [ 


894 




54. ) 


180 


46.7 


52. 


910 


69. 


82| 



62.7 
50. 

46. 

38.8 

49. 

40.1 

42.5 

33. 

86.8 

84.7 

28.5 

72. 

84. 
64. 



Bmn, 1. Near Vienna, in Austria, are from 40 to 50 Artesian Wells, whose 
temperature yarles from 52^ to 58^ ; the mean temperature at the sur£EMe 
being 50^54. At Heilbronn in Wuitemburg, five wells sunk from 60 to 118 
feet, have a temperature of 56^. 

.Rem. 2. Artesian wells have lately been applied with success in Wurtem- 
burg, to prevent frost from stopping machinery, which was moved by run- 
ning water ; and also for warming a paper manufactory. Who knows but 
this application may prove of immense benefit to some r^ons of the globe t 
Bueklan^s Bridgewater Treatise, toL 1, p. 567. 

Proof 4. Thermal s^ngs. Vast numbers of these occur in 
regions far removed from any modern volcanic action ; generally 
upon lofty mountain ranges; as upon the Alps, the Pyrenees, 
Caucasus, the Ozark mountains in this country, where are nearly 
70, &c. Their temperature varies from about summer heat 
nearly up to that of boiling water. Nor can their origin be ex- 
plained without supposing a deep-seated source of heat in the 
earth. This argunient is not, indeed, as direct and conclusive as 
those previously mentioned, but it confirms the others. 

Proof 5. The existence of numerous deep-seated volcanos. This 
argument is of the same kind as the last, and doeff not need any 
fiuther illustration here. 
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Proof 6. Nat one exception to this increase of internal tempera* 
ture has ever occurred, where the experiment has been made in deep 
excavations. 

Inferences* 

Inf. 1. The increase of temperaiure from the surface of the 
earth downwards, does not appear to be at the same rate in all 
countries. The mean of all the observations recorded in the pre- 
ceding tables, which have been made in England, gives 44 feet for 
a change of one degree. In some mines in France, the increase is 
much slower, and in a few it is faster. The mean is reckoned at 
about 45 feet for each degree. In Mexico, according to the only 
observation given above, it is 45.8 feet In Saxony it is considera- 
bly greater, not far from 65 feet to a degree. The few observa- 
tions in this country given in the preceding table, indicates an in* 
crease of 57 feet to a degree. 

Inf 2. The average increase for all the countries where observa- 
tions have been made, is stated by Kupfifer, to be 36.81 feet for 
each degree. Edinburgh Journcu of Science, April, 1832. 

Inf. 3. At this rate, and assuming the temperature of the sur- 
face to be 50^, a heat sufficient to boil water would be reached at 
the depth of 5962 feet, or a little more than a mile ; a heat of 
7,000^, sufficient to melt all known rocks, would be reached at 48 
miles ; and at the centre of the earth, it would amount to 577,000^. 
Cordier^s Essay on the Temperature of the Interim of the Earth, 
Amherst, 1828, p. 73. MsffaU's Scientific Class Book, by Prcf, 
Johnson, Philadelphia, 1836, vol. 2, p. 311. 

Rem, It has been thought by many, and probably with reason, 
that the rate of increase in the subterranean heat, as deduced by 
Kupffer, is too rapid. From careful observations upon the Artesian 
Wells of Scotland, Dr. Patterson finds the mean increase to be one 
degree for every 47 feet ; and from a more extended comparison 
given in Jameson's Journal, (April to July, 1839,) the mean in- 
crease is one degree for 65 feet ; perhaps the rate of 45 feet to a 
degree, fixed upon by the British Association, ought to be con- 
sidered the best hitherto obtained. 

Inf 4. From the preceding facts, and other collateral evidence, 
it has been inferred that all the interior of the earth, except a crust 
from 50 to 100 miles thick, is at present in a state effusion : that 
originally the whole globe was melted, and that its present crust 
has been formed by £e cooling of the surface by radiation. 

iZ/iML Fig. 199 is intended to represent the proportion of melted and un- 
melted matter in the earth, agreeebly to the above inference ; and on the 
•appoeition that the solid crust is 100 miles thick. This is shown by the 
broad line that forms the oircumferenoe. Aocc«xUng to the mean increase of 
mbtcrranean heat stated above, this crust should be only half as thidL 
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Fig. 199. 




Proof, I. Until some fact can be adduced showing that the 
heat of the earth ceases to increase beyond a certain depth, nothing 
but hypothesis can be adduced to prove that it does not go on in- 
creasing, until at least the rocks are all melted : for when thej are 
brought into a fluid state, it is not difficult to see how the tem- 
perature may become more equalized through the mass, in conse- 
quence of the motion of the fluid matter ; so that the temperature 
of the whole may not be greatly above that of fused rock. Now, 
if the hypothesis of internal fluidity have other arguments (which 
follow below) in its favor, while no facts of importance sustain its 
opposite, the former should be adopted. 

Proof 2. It appears from the experiments and profound mathe- 
matical reasoning of Baron Fourier, that even admitting all the 
internal parts of the earth to be in a fused state, except a crust of 
30 or 40 miles in thickness, the e£fect of that internal heat might 
be insensible at the surface, on account of the extreme slowness 
with which heat passes through the oxidized crust. He has shown 
that the excess of temperature at the surface of the earth, in con- 
sequence of this internal heat, is not more than 1-1 7th of a de- 
free, (Fahr.) nor can it ever be reduced more than that amount 
y this cause. This amount of heat would not melt a coat of ico 
10 feet thick, in less than ] 00 years ; or about one inch per annum. 
The temperature of the surface has not diminished on this account, 
during the last 2,000 years, more than the 167th part of a degree: 
and it would take 200,000 years for the present rate of increase 
in the temperature as we descend into th^ earth, to increase the 
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temperature at the surface one degree ; that is, sapposing iJie in- 
ternal heat to be 500 times greater than that of hoilbg water. 
From all whieh it follows, that if internal heat exist, it has long 
since ceased to have any effect practically upon the climate of the 
globe. Annals de Chimie et de Physique^ No, 27. American 
Jawrnal of Scmvce^ vol. 32, p. 1. PhiUips* Treatise on Geology ^ 
vol. 2, p. 275. 

Rem, These resulta of Fourier require the application of very profound 
mathematical inveBtigations. And it may not be amiss to mention that 
the late lamented Dr. Bowditch informed me, that he had followed Fourier 
through all his intricate analyses of this subject ; and that the reasoning was 
tfitirely conclusive ; nor did he consider his results at all invalidated by the 
papers of Prof. Parrot, which he had also read. Those of M. Poisson, in op- 
position to Fourier, have appeared since Dr. Bowditch's death. «, 

Proof. 3. The existence of 300 active vokanos, and many ex- 
tinct ones, whose origin is deep seated, and which are connected 
over extensive areas. If these were confined to one part of the 
globe, or if after one eruption the volcano were to remain forever 
quiet, we might regard the cause as local and the effect of particu- 
lar chemical changes at those places, aided perhaps by electro- 
magnetic agencies. But if the internal parts of the earth are in 
a melted state, that is, in the state of lava; and if this mass be 
slowly cooling, occasional eruptions of the matter ought to be ex* 
pected to take place by existing volcanos. Assuming the thick- 
ness of the earth's crust to be 60 miles, the contraction of this en- 
velope one 13,000th of an inch, would force out matter enough to 
form one of the greatest volcanic eruptions on record. More 
probably, however, the percolations of water to the heated nucleus, 
or other causes of disturbance, more frequently produce an erup- 
tion than simple contraction. 

Other Hypotheses of Volcanic Action. 

Hypothesis of the metalloids. This hypothesis, originally pro- 
posed, though subsequently abandoned, by Sir Humphrey Davy, 
supposes the internal parts of the earth, whether hot or cold, fluid 
or solid, to be composed in part of the metallic bases of the alka- 
lies and earths, which combine energetically with oxygen whenever 
they are brought into contact with water, with the evolution of 
light and heat. To these metalloids water occasionally percolates 
in large quantities through fissures in the strata, and its sudden 
decomposition produces an eruption. Dr. Daubeny, the most 
strenuous advocate of this theory at the present time, has brought 
forward a great number of considerations which render it qui^ 
probable that this cause may often be concerned in producing vol* 
canio phenomena, even if W6 do not admit that it is the sole cause, 
Datneny on Volcanos. 

14 
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Smn, I. It i« intercfttiiig to notice how the hypothesis of central heat or 
the Meehanieal Theory of Cordier, as it is often called, and this Chemical 
Tbeorj of Danbeny, apply ahnoat equally well to the explanation of rolcanio 
phenomena. Both agree as to the necessity of water being brought in coo- 
taot with a heated mass in the earth. Both explain equally well the forma- 
tion of vapor, the extrication of gases, and the sublimation of sulphur, salts, 
Ac Both show why yolcanos are usually in the vicinity of water ; " why 
their action ii intermittent, and why the volcanic power appears to have de> 
created in energy. The constantly active volcanos, especially such an one aa 
Kirauea, are more difficult to explain by the chemical theory. It must also 
be considered a strong objection to this bvpothesis, that silioon " is inoombus* 
tible in air and in oxygen gas ; and may be exposed to the flame of the blow* 
pipe without fuaiog, or undergoing any other change," 7\trner*8 Chemistry^ 
p. 828, and that aluminium, the most abundant in the earth next to silicum, 
** is not oxi({ixed by water at common temperatures ; though ou heating the 
water to near its boiling point, oxidation ot the metal commences : — ^the oxi- 
dation, however, is very slight.'' Turner, p. 816. 

JSem. 8. There is not necessarily anj discrepancy between these two 
theories ; for adnutting even igneous fluidity in the earth, the nucleus may 
nevertheless be metals uncombined. Hence, some distinguished advocates for 
the doctrine of central heat, have also adopted partially or wholly the other 
theory. JEx. gr. 2>0 la Beehe, in hit 7%$oretieal Chology ; and Pro/usor 
PhiUipa^ ih hit IVeatite on Otology in the Encydopctiia Brittaniea. ^ 

Modified Oaemical Theory* Some geologists have called in 
the aid of electricity to assist in the decompositionsandrecomposi- 
tions that result m>m volcanic agency. By this means the tem- 
perature of the uncombined metals is raised, so as to cause them to 
become more readily oxidized. This is the view advanced by Mr. 
Lyell. Principles cf Geology^ vol. 2. p 449. This hypothesis 
includes, of course, as one of its elements, the earlier hypothesis of 
Lemery and others, who imputed volcanic phenomena to the com- 
bustion of coal, bitumen, &c., and the decomposition of the sul- 
phates of the metals. For an account of numerous mod^cations 
<f opinion respecting the cause of volcanic agency^ see Girardin, 
Sur les Volcans, p. 84. 

Proof 4. The Spheroidal Figure of the Earth, Its form is 
precisely that which it would assume, if while in a fluid state, it 
began to revolve on its axis with its present velocity ; and hence 
the probability is strong that this was the origin of its oblateness. 
But if originaUy fluid, it must have been igneous fluidity ; for since 
the solid matter of the globe is at present 50,000 times heavier 
than the water, the idea of aqueous fluidity is entirely out of the 
question. 

Other tuppotitiont. 1. Some maintain that the earth was created in its 
present oblate form. This is indeed possible ; because God could have given 
it any form he pleased. But there is no proof that such was the fisict ; while, 
on the other hand, we may always assume that whenever we can see natmral 
causes for natural phenomena, they were produced by those causes ; unleaa 
we can see some reason for special Divine interference. 2. Sir John Her* 
sehel has suggested the possibiHty of accounting for the flattening at the poles^ 
by causes now in action ; though Sir John does not maintam Uiat such waa 
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aetuollj the mode in which it took place. . He supposes the earth to have 
been created a utiiforin sphere, covered by an uniform ocean ; and to have 
commenced a rotatioa un its axis, as at present, llie water of course would 
rush towards the equator, leaving tlie*^olar regions dry, and very much ele- 
vated. But an this great equatorial ocean wore down its shores, ihe land 
would gradually be carried towards the equator, and spread over the bottom 
of the sea, and ultimately be elevated so as to form tne present continents. 
It is hardly necessary to say, that the present distribution of land and water, 
and the form of continents, do not accord with such a mode of formation ; 
and so improbable is the idea that two vast continents, around the poles, 
with a height of nearly twelve miles, have been thus worn down and carried 
thousands of miles towards the equator, that though theoretically possible, it 
must be regarded as practically impossible. Prof. Phillip^ Treatise on 
Geology, p. 8. 

P7'oqf5. The tropical and ultra tropical character of organic 
remains found in high latittules. If the globe has passed through 
the process of refrigeration, as the h3rpothesis of original igneous 
fluidity implies, there must have been a time, before reaching its 
present statical condition, when the surface had the high tempera- 
ture denoted by these remains ; and that period must have been 
very remote ; since no essential change of temperature from inter- 
nal causes has taken place for thousands of years. A climate, also, 
chiefly dependent on subterranean agency, would be more uniform 
over the whole globe, than one dependent on solar influence ; and 
such appears to have been the climate of those remote ages. 
Hence we may reasonably impute that temperature to internal 
heat ; if some other more probable cause cannot be found. 

Other Suppositions. 1. It has already been stated, that Mr. 
Lyell has proposed an hypothesis, dependent upon the relative 
height of land in high latitudes at different periods, to explain the 
tropical character of organic remains, without the aid of secular re- 
frigeration. But that hypothesis has been already sufficiently ex- 
plained. * 2. Another hypothesis has been advanced with much 
eonfldenee by certain writers, not however practical geologists, to 
the same effect. It supposes these organic remains to have been 
drifted after death from the torrid zone. But their great distance 
in general from the torrid zone, the perfect preservation, in many 
cases, of their most delicate parts, with other evidences of quiet 
inhumation near the spot where they lived, such as the preserva- 
tion in several cases of the softer parts of the animals, render such 
a supposition wholly untenable. 

Proof 6. Tftefact that nearly aU the crust of the globehasbesn 
in a melted state. As to the unstratified rocks, there will scarcely 
be a dissenting voice among geologists, to the opinion that thev 
are of ijnieous origin, and have been melted. As to the detrital, 
or fossuiferous rocks, also, it will be admitted by all, that they 
were originally made up of fragments derived from the older 
stratified or unstratified rooks; and that consequently, so &r as 
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from the latter, they have been melted. And in regard to 
the hypoxoic stratified rocks, also, althoosh there are two different 
theories as to the mode in which thej nay* been produced, yet 
both admit either of the entire fusion of these rocks, or of their 
having been so highly heated as to be able to assume a crystalline 
arrangement. Hence, if the entire emst of the globe has been 
fused, it is a fair presumption that it was the result of the fdsion 
of the whole globe. 

Proof 7. This theory furnishes us wUh the orUy known ode- 
guate cause for the ekvation of mountain chains and continents. 

Other supposed causes of elevation, 

1. JEarthquakes, Examples have been given in another place 
(p 298,) of small and limited elevations of land, produced by 
earthquakes And it has been maintained that an indefinite repe- 
tition of such events might elevate the highest mountains, if they 
took place on no larger scale than at present. But it seems to be 
satisfactorily proved, that some elevations at least, such as those 
producing the enormous dislocations in the north of England, have 
occurred to an extent of several thousand feet, by a sin^e paroxys- 
mal effort ; whereas the mightiest effects of a modern earthquake 
have produced elevations only a few feet, and in most cases the 
uplifted surface has again subsided. Again, there is little proba- 
bility that a succession of earthquakes should take place along the 
same extended line through so many ages, as would be necessary 

< Ho raise some existing mountain chains. Earthquakes may explain 
some slight vertical movements of limited districts ; but the cause 
seems altogether inadequate to the effect, when applied to the ele- 
vation of continents. 

2. Expansion of the rocks by heat. Col. Totten, who is now at 
the head of the Topographical Bureau in this country, has made some 
accurate experiments on the expansion of rocks by heat. A block 
of granite, five feet long, by a change of temperature of 96° R, ex- 
panded 0.027792 inch; crystallme marble, 0.03264 inch; sand- 
stone, 0.054914 inch. By these data it appears, that were the 
temperature of a portion of the earth^s crust 10 miles thick to be 
raised 600^, it would cause the surface to rise 200 feet This 
would be a greater thickness than could be produced by the ac- 
cumulation of detritus at the bottom of any ocean, whose ten^era- 
ture might be raised on the hypothesis of Prof. Babbage. Yet a 
still greater thickness might be heated, provided any new and ex- 
tensive foci of heat should be produced deep beneath the surface 
of ^he globe. Still this accession of heat would finally be dissi' 
pated by radiation; and then the surface would again subside^ 
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This cause, therefore, though it may perhaps explain such vertical 
movements of particular regions as are taking place in Scandinavia, 
Greenland, Italy, England, &c., seems inadequate to account for 
the permanent elevation of large continents. If they had heen 
raised in this manner, and the same remark applies to some extent 
to earthquakes, we dhould hardly expect to find several distinct 
systems of elevation on the same continent, nor so many examples 
of vertical strata. Ninth Bridgewater TreatisCy by Frof, Bab- 
bage^ p. 193, Am. Ed, 

3. Unequal contraction and expansion rf land and taater bt/ 
cold and heat. Assuming the mean depth of the ocean to be 10 
miles, and that it had cooled from boiling heat to 40^ F., its 
volume would contract about 0.042 ; while the contraction of the 
land would be only 0,00417. This would produce a sinking of the 
ocean of 697 feet. PhiUips^ Geology^ p. 277. An increase of 
temperature would produce an opposite effect : viz. the partial sub- 
mersion of the land ; though it would be less than the desiccation, 
because of the greater area over which the water would flow. 
Admitting these changes of temperature to have taken place, and 
tiie theory of central heat supposes the former, that is, the refriger- 
ation, they could not account for the desiccation of the globe, be- 
cause the tilted condition of the strata shows that the ' land has 
been raised up : whereas this theory implies a mere draining of 
the waters. 

4. A cha/nge in the position of the jfoles of the globe. This hy- 
pothesis, — ^not long since so much in vogue, — would explain how, 
continents once beneath* the ooean are now above it, if we admit 
the form of the earth before the change, to have been the same as 
at present : viz. an oblate spheroid. But it would not explain the 
tilted oondition of the strata, nor is it sustained by any analogous 
phenomena which astronomy describes. 



£lievation by Central MeaL 

First mode. It is possible to conceive that volcanic power, 
acting as at preset, but with vastly greater intensity, might have 
lifted up continents ; for their elevation, in part at least, appears 
to have been the result of local forces acting beneath the earth's 
crust. 

Second mode, A more probable hypothesis, suggested by 
Beaumont, imputes the present ridged and furrowed condition of 
the earth's surface to a (X)llapse of its consolidated crust upon its 
contracted ^interior nucleus. This may be illustrated by Fig. 
200. 
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¥ig, 200. 




Tlie outer cirole represents the crust of the earth, after it had become oon- 
■oUdaied abore the liquid mass withia This heated nucleus would go on 
eontraeting as it ooolec^ while the crust would remain nearly of the same 
iiasu At length, when it became necessary for tlie crust to accommodate it- 
self to the nucleus, contracted say to the inner circle, it could do tiiis only by 
fidling down in some places and rismg in others ; as is represented by the 
irregular line between the two circles. Thus would the surfEUse of the earth 
become plicated by the sinking down of some parts by their gravity, and the 
elevation of oorrespoodent ridgee by the lateral pressure. The prindpsl 
ridges thus produced, must coincide very nearly with a great circle ; and as 
the earth's crust made successive efforts to acoqpunodate itself to the con- 
•tantly contracting nudeus, ridges would be produced in different directions^ 
crossing one another ; and thus the various systems of elevation known to 
exist on the globe, be formed at various epochs. 

Obj. Such a shortening of the earth's diameter as this hypotibesis supposes, 
would increase the rapidity of its rotary motion, and shorten the length of 
the day ; whereas astronomy shows that for 2,000 years no such change has 
taken place: 

Ant, That period is too short fiiirly to test the point; since it requires a 
long time f<Mr the tensi<m upon the crust of the globe to become so great as 
to produce a fracture ; and this may not have occurred since that time. If 
there be any flexibility, however, in the euih's crust, gravity must produce 
some depression of it m some places, and elevation in others, before the ten- 
sion is g^eat enough to produce a fracture. And possibly this may be tiie 
origin of some cases of slight subsidence or elevatioil on record. 



8. Other Worlds appear to be passing through the Changes which 
this Theory supposes the Earth to have Undergone. 

Proof, 1. Comets and some Debulae appear to be in a easeons 
■tate, from excess of beat, yet gradually condensing. 2. Toe sun 
k apparently in a state of igneous fusion. 3. Still farther ad- 
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vuiced ia the pTOcesa of refrigeration are the planets. Aroond 

the asteroids is an anusual nebalosity; Jupiter is perhaps covered 
by water, and Saturn by a fluid lighter than water. 4. But the 
state of the moon, as the nearest heavenly body, has been most ac- 
curately ascertained ; and it exhibits the most astonishing exam- 
ples of volcanio action, though it is not certain that any volcauos 
upon it are now active. But craters, cones, and circalar walls, or 
mountains, esist, of extraordinary dimensions. Some of tbe cones 
are nearly 25,000 feet high ; and some of the craters, 25,000 feet 
deep, below the general surface ; and the latter are of variooa diam- 
eters, even up to 150 miles. The inside of some of these craters 
presents all the wild and jagged appearance of similar rocks on the 
globe. Of the mountains and cavities of the moon, about 1,100 
have been measured with great accuracy, and we have a more ao- 
curate map of the surface of the moon tamed towards us, tUan of 
our own planet. Yet as no water exists in the moon, and perhapi 
no atmosphere, it must be destitnte of saoh iobabltants as peopla 
this world. Fig- 201 ia a aketch of one of the most remarkable 

Fig. SOI. 



Volcanoi in the Moon. 

Toloanic regions, called Heiasius, seen a little obliquely. See an 
admirahle pcuper on the Volcanos of the Moon, by J. D. Dana, tn 
Am. Jour. Set., New S^ies, vol. 2. Most of the foots on this sub- 
ject will be repeated a few pages forward, in another connection. 

Chigtn of the ITyposoic Stralified Bm^. 
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■ti*atifi«d rodn ; beeftose both of these depend more or lest upon mtemal 
heat 

First hypothesis. According to this hypothesis the stratified 
hypozoio rocks are merely the mechanical or fossiliferous rocks 
altered by beat As these aocomalated at the bottom of the ocean, 
being much poorer conductors of heat than water, they would con- 
fine the internal heat that was attempting to escape by radiation, 
imtil it became so great as to bring the matter into a crystalline 
state ; bat not great enough to produce entire fusion, so as to de- 
stroy the marks of stratification. 

Arguments in favor of this Hypothesis. 

1. Numerous facts show that the molecular constitution of solid 
bodies may undergo great changes, without much change of the 
ffeneral form, and even without any great elevation of temperature. 
Thus the heat of the sun alone, will change prismatic crystals of 
zinc into octahedrons ; and the same takes place with sulphate of 
nickeL Connection of the Physical Sciences by Mrs. Somerviile, 
p. 130. Indeed, Dr. Macculloch says he has completely proved by 
experiments, that ^^ every metal can completely change its crystal- 
line arrangements while solid, and many of them at very low tem- 
peratures.^' System of Geology y vol. 1, p. 190. Analogous changes 
have taken place in sandstone beneath trap rocks ; in trap rocks 
after they have become solid; and in solid glass. Hence, we pre- 
sumption is in favor of these internal changes in rocks of mechan- 
ical oriffin from internal heat 

2. The heat requisite for the conversion of mechanical into crys- 
talline rocks, without destroying the stratified structure, may have 
been derived either from an internal heated nucleus in the earth, 
when the crust was thinner than at present, as it was during the 
period in which the hypozoic strata were deposited, or from local 
nuclei of heat, propagated upwards through detritus, according to 
the theory of Prof Babbage. 

3. Gteolog^ furnishes numerous examples in which the mechan 
ical or fossiliferous rocks have been converted by heat into azoic 
crystallized rocks in limited spots by the agency of heat. When 
dykes of granite, porphyry, trap rocks, or recent lava, pass through 
fragmentary deposits, for a certain distance on the sides of the 
dyke these conversions have taken place. Chalk and earthy lime- 
stones are in this manner, in Ireland, converted into crystallized 
marble ; and the same effect was produced upon chalk by heating 
it powerfully in a sealed gun barrel. Experimental proof has also 
been furnished by the chemist, that quartz rock is merely sandstone 
altered by heat; as is shown also at Salisbury Craig, Teesdale, 
and Shropshire, in Great Britain, where sandstone and basalt come 
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in oontftct. In Shetland, argillaoeoas slate, when in contact with 
granite, is changed into hornblende slate. Glay slate is ob* 
vionsly nothing but clay that has been subjected to strong heat 
and pressure. 

4. The azoic stratified rocks still retain marks of a mechanical 
origin. The general appearance of gneiss and mica date is that 
of fragments of crystals, more or less worn and rounded, and then 
re-cemented by heat. But real conglomerates occur which yet 
have all the characters of the azoic stratified rocks, except perhaps 
gneiss. Thus, I have in my cabinet from Bellingham in Massa- 
chusetts, a perfect and highly crystalline mica slate, which contains 
as perfectly rounded pebbles of quartz as any secondary conglom- 
erate ; also a talco micaceous slate of the same character, from 
Bhode Island, which abounds in crystals of magnetic oxide of iron. 
These rocks are connected with transition slates on the one side, 
and with hypozoic slates on the other. I have also perfectly dis- 
tinct conglomerates of quartz rock, made up of rounded fragments 
of quartz, cemented by comminuted materials of the same kind. 
The strata of this rock in Berkshire County, in Massachusetts, are 
associated with gneiss and mica slate ; all of which at the spot, (in 
Washington,) stand upon their edges. 

Obj, I. There is little probabUity that detritus is conveyed to 
the bottom of the ocean in quantities sufficient to cause such an 
accumulation of internal heat, as would convert mechanical into 
cryijtalline rocks: a degree of heat nearly equal to that which 
would melt them. True, the he^t would accumulate in these de- 
posits to a certain degree ; but not beyond what exists in the solid 
crust of the earth generally ; and this would require us to descend 
nearly fifty miles before a temperature would be reached sufficient 
for the purpose. Unless, therefore, this theory supposes a much 
higher temperature on the globe when this change took place than 
at present, (and most of its advocates deny this,) the requisite heat 
could not have been obtained, especially as in many cases the azoic 
rocks extend to the surface, and do not appear to have ever been 
covered with newer ones; so that there must have been heat 
enough to produce this transformation immediately breath die 
waters of the ocean. 

2. The difference in chemical composition between the hypozoio 
and the newer rocks, is opposed to the idea that the former are 
only modifications of the latter. For we find that some of the 
ingredients, lime and carbon for instance, are far more abundant 
in the newer than in the older rocks. This difference points of 
course to a different origin. 

3. If all the stratified hypozoic rocks are metamorphic, we ought 
to find in them occasionally, especially in the limestones, traces of 
arganio remains. For examples are not uncommon in which the 

14* 
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traoes of imoh remains are faand, (of which a deBeription has been 
g^ren in Section Y,) in calcareons rocks which have become perfect 
crystalline limestones, as in the encrinal limestone ] and in other 
rocks which are converted into vesicular trap by the agency of 
heat It is incredible, therefore, that if the remains of animals 
and plants once existed in these rocks, as numerous as they now 
exist in the secondary rocks, they should all have vanished ; since 
it is certain, that the heat which produced the metamorphosis, was 
not great enough to obliterate the stratification. 

Second hypothesis. This hypothesis supposes the hypozoio strat- 
ified rocks to have been formed, partly in a mechanical, and partly 
in a chemical mode, by aqueous and igneous agency, when the 
temperature of the crust of the globe was very high, and before 
organic beings could live upon it. 

Arguments in favor of this Hypothesis. 

1. It shows why, amid so much evidence of chemical agency in 
the formation of the hypozoic rocks, there is still so much proof of 
the operation of mechanical agencies. For in that state of the 
globe, when its crust had cooled only so far as to allow water to 
exist upon it in a fluid state, volcanic agency must have been fiir 
more active than at present ; and consequently the agitated waters 
must have worn away the granite at their bottom extensively. But 
as the heated waters would contain a great deal of silica, and other 
ingredients which would readily fall down as chemical deposits, the 
abraded materials would be consolidated before they had become 
entirely rounded into pebbles ; so that the compound might, upon 
the whole, be regarded as of chemical origin ; and yet not be des- 
titute, as gneiss and mica slate are not, of the marks of attrition. 
Indeed, it would be strange, if in some instances the attrition did 
not proceed so far as to produce the materials for a perfect con- 
glomerate ; as the facts mentioned under the last hypothesis show 
was sometimes the fact. 

2. It shows us why silicates predominated in the earlier periods 
of the globe, and why limestone and carbon were more abundant at 
later periods. Thermal waters,- it has been shown in another place, 
often contain an abundance of silica in solution ; but cold water 
never does. Again, by heating water to the boiling point, the car- 
bonic acid is all driven ofF; and without this acid, carbonate of 
lime could not be held in solution to much extent ; and farther, 
hot water will dissolve much less quicklime than cold, the propor- 
tion being as 778 to 1270. Hence the heated seas of those early 
times would contain and deposit more of silica, but less of lime, or 
carbonate of lime, than under existing circumstances. Another 
cause why less of carbonate of lime is found in the older rocks, is, 
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that animals did not then exist to eliminate lime from its other 
oombinations, and convert it into the carbonate. 

3. It explains the absence of organic remains in the hypozoio 
stratified rocks. It shows that the temperature was too high, and 
the surface too unstable, to allow of the existence of animals and 
plants. And if they had existed in as great abundance as at pres- 
ent, — an assumption which is made by the preceding hypothesis, — 
it is incredible that some traces of them should not remain ; for 
if the fusion of these rocks was not so entire as to obliterate all 
marks of mechanical agency, if, in fact, perfectly rounded pebbles 
still occur in them, there is no reason why the harder parts of ani- 
mals should not also remain. We have examples where the traces 
of organic remains exist in rocks, that have been almost entirely 
fused; — ^at least so much melted, as in the case of a vegetable 
stem in trap, in the valley of the Connecticut, that it is converted 
into decided vesicular amygdaloid ; and yet its vegetable charac- 
ter can scarcely be doubted. {See a fine SpeciTnen in Amherst 
College, and another in the State Collection of Massachusetts, at 
Boston.) We may hence infer, with no little confidence, that or- 
ganic life did not exist on the globe when the hypozoio rocks 
were in a co arse of deposition, and this hypothesis explains the 
reason. 

4. It explains, too, the reason why carbon is much less abundant 
in the older than in the newer rocks. Organic beings are un- 
doubtedly the source of most of the carbon in the rocks ; — ^and of 
course it would be found in small quantities where neither animab 
nor plants existed. 

Rem. Dr. Macoulloch does indeed state that he found organic remaixia 
(orthocerata) in quartz rock, connected with gneiss, in Sunderland; but 
other distinguished geologists (Sedgwick and Murchison) have failed in find- 
ing any at^at spot. He thinks, tSao, that fragments of shells occur in born- 
blende slate in Glen Tilt. System of Oeology, voL 1, p. 418. Von Deoben 
also mentions fossiliferous graywacke, interstratified with gneiss and mica 
■late in Bohemia. But facts of so anomalous a character need still further 
confirmation. PhUlipi Geology ^ p. '78. 

5. It explains the imperceptible gradation of gneiss into 
^anite, which we often witness. For if thick beds of gneiss were 
deposited upon the granite, under the circumstances supposed by 
the hypothesis, it is easy to conceive how the internal heat should 
accumulate in the manner explained by Prof. Babbage, so as to 
melt the granite crust anew, and to extend the fusion into the 
lower beds of the gneiss ; at least so as to produce an almost en* 
tire obliteration of the lines of stratification, and form numerous 
nidiises of perfect granite in the gneiss. This hypothesis explains 
the passage of these two rocks into each other, better than the first 
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hypoiheoB; beoMue it sapposes a higher temperature beneath and 
upon the earth's omst at the time of the formation of the gneiss. 

Rtm, The moet importaot objections to this hypothesis are embraced m 
those which are orgea against the doctrine of internal heat in general ; and, 
therefore, it will be necessary to state only the latter. 



ObfeOianf to the Doctrine of Internal Heat. 

Obf. 1. I^ has been maintained that the high temperature of 
aeqp excavaHons may be explained by chemical changes going on vn 
the rocks ; snob as the deoomposition of iron pyrites by mineral 
waters, the lights employed by the workmen, the heat of their 
bodies, and especially oy the condensation of air at great depths. 

Ans. In the experiments that have been made upon the tem- 
perature of mines, care has been taken to avoid all these sources 
of error except the last, (which are indeed sometimes very con- 
siderable,) and yet the general result is as has been stated ; nor is 
there a single example on the other side to invalidate that result. 
As to the condensation of air in mines, Mr. Fox haf> shown that 
the air which ascends from their bottom is much warmer than 
wh«i there ; so that it carries away instead of producing heat 
Cordier's Essay on the Temperature of the Interior of the Earth. 
Edinburgh Journal of Science^ Aprils 1832. 

0^. % J%e tenwerafure <ff the Ocean, Frot Peurot, who nr^ee tins objec- 
tion, recapitulated the results of the most accurate observations upon the 
temperature of the ocean : ** 1. That the temperature diminishes as the depth 
increases : 2. That it diminishes at first rapidly, then very slowly. From 
the sur&oe to the depth of 2,478 feet, it diminie^es more than 41^ F., and 
from that to 6,490 feet, less than 2^." American Journal of Science, vol. 26^ 
p. 12. According to De La Bedie, there are some exceptions to these eon- 
dustons, especiaUy in high latitudes. In fresb-water lakes^ the same ob- 
server found that the temperature decreased till it had nearly reaped 40^ P., 
when it continued nearly the same to the greatest measured depth. Manual 
ef Geoiopy, p. 20. Facts of this sort Prof. Pwrot considers as directly at 
variance with the idea of internal heat. 

Am. Taking the conclusions of Prot Parrot as true, they are just what we 
might en>ect would be the temperature of the ocean, whether the earth had 
internal neat or not. For it appears that the strata of water arrange them- 
selves according to their specinc gravities. The warmest particles being tha 
lightest, of ooi^rse Hse to the top ; and the coldest sink to tne bottom ; just as 
we find to be the case in a vessel of water that is being heated over a fire. 
But whei^ fresh water has desc^^ded to the temperature of 40^^ F., it begins 
to expand, and therefore water below that degree will not sink, but rise. 
Yet experiments show that it rarely goes lower than that degree ; and 
therefore, when the water has reached it, or nearly reached it, we might ex- 
pect that the temperature at greater depths would hp nearly the same, 
palt water continues to contract until it reaches the freezing point, which 
varies from 82^ to 4'', aooording to the amount of salt which it contains. 
Hence we might expect that the temperature of the sea, except perh^pi |n 



OBJECTIONS TO THE DOCTRINE OF INTERNAL HEAT. 8S8 

rery oold latitndeB, woald decrease downwards until it readied a temperature 
below which it rarely descends; after which we should expect a uQiform 
temperature to the greatest depths. A few obse^yation8, indeed, are on 
record, which can hardly he reconciled to the general principle that waters 
of lakes and oceans arrange themselves accordmg to their specific grayities ; 
yet such cases probably result from local causes of variation. Upon the 
whole, it seems that the facts in respect to the ocean's temperature, neither 
prove Bor disprove the doctrine of internal heat. 

Jiem. Some have surnxMcd, that since the ocean has a de;ptii of several 
miles, the water at its bottom ought to be in a state of ebullition, if the doe* 
trine of internal heat be true. But there is no reason to suppose the earth's 
crust to be thinner there than on dry land ; and hence no more heat will es- 
cape into the waters by radiating from the earth, than escapes into the air-; 
which, as we have seen, acoordii^ to Fourier, is a very small quantity ; not 
sufficient to ftffect the temperature of ^ater or air perceptibly. 

Obf. 3. " If tihe central heat were as intense as is represented^ 
there must be a circolation of cnrrents, tending to equalize the 
temperature of the resulting fluid, and the solid crust itself would 
be melted.*' — ^** If the whole planet, for ezaii^le, were composed 
of water covered with a spheroidal crust of ice fifty miles thick, 
and with an interior ocean having a central heat about 200 times 
that of the melting point of ice, &>c. : — ^if it must be conceded, in 
this case, that the whole spheroid would instantly be in a state of 
violent ebullition, that the ice instead of being strengthened 
annually bv new internal layers, would soon melt and form part of 
an atmosphere of steam, on what principle can it be maintained 
that analogous effects would not follow in regard to the earth under 
the conditions assumed in the theory of central heat ?^' LyelPe 
Prin. Geol., vol. 2, pp. 440, and 449. 

Ans. In the first place, it is not essential to the doctrine of cen- 
tral heat, that a temperature very much exceeding that requisite 
to melt rooks, (7,000**F.,) should exist in any part of the molten 
nucleus. It may even be admitted that the whole globe was 
cooled down very nearly to that point, before a crust began to 
form over it. For still, according to the conclusions of Fourier, it 
would require an immense period to cool the internal parts, so 
that they should lose their fluid incandescent state, after a crust 
of some 20 miles tiiick had been formed over them. In the second 
place, we have the case of currents of lava, which cool at their sur- 
face, so as to permit men to walk over them, while for years, and 
even decades of years, the lava beneath is in a molten state, and 
sometimes even in motion. And if a crust can thus readily be 
formed over lava, why might not one be formed over the whole 
globe, while its interior was in a melted state ; and if a crust only 
a few feet in thickness can so long preserve the internal mass of 
lava at an incandesoent heat, why may not a crust upon the earth, 
many miles in thidmess, preserve for thousands of years the 
nucleus of the earth in the same state? True, if we immoTM • 
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iolid pieoe of metal in a melted mass of the same, the fragmmt 
will be melted ; because it cannot radiate the heat which parses into 
it ; but keep one side of the fragment exposed to a cold medinm, 
as the erost of the earth is, and it will require very much stronger 
heat to melt the other side. If the crust of the globe were to be 
broken into firagments, and these plunged into fluid matter beneath, 
probably the whole would soon be melted, if the internal heat be 
stronff enough. But so long as its outer surface is surrounded by 
a meaium, whose temperature is at least 58° below zero, nothing 
but a heat inconceiTably powerful, can make much impression on 
its interior surface. In tne third place, a globe of water intensely 
heated at its centre, and covered by a crust pf ice, is not a just il- 
lustration of a globe of earth in a similar condition, ooyered by a 
orust of rocks and soils. For between ice and water there is no in- 
termediate or semi-fluid condition. As soon as the ice melts, 
there exists a perfect mobility among the particles; so that the 
hottest, because the lightest, would always be ke^t in contact with 
the surrounding orust of ice, and melt it contmually more and 
more ; especially as ice, being a perfect non-conductor of heat, 
would not permit any of it to pass through, and by radiation pre- 
vent the melting. On the other hand, between solid rock and per- 
fectly fluid lava, there is every conceivable degree of spissitude ; 
and of course every degree of mobility among the particles. 
Hence, they could not in that semi-fluid stratum, arrange them- 
selves in the order of their specific gravities ; and therefore, the 
layer of greatest heat would not be in contact with the unmelted 
solid rock. True, the heat would be diffused outwards, but so 
long as the hardened crust could radiate the excess of temperature, 
the melting would not advance in that direction. This would 
take place only when the heat was so excessive, that the envelope 
could not throw it off into space. 

Obj. 4 It is maintained, that if the earth was originally in a flmd or 
gaseous state, and subsequently condensed, the solidificauon would commence 
at the centre and proceed outwards. Ilie solidification of a nucleus at the 
centre by pressure, would throw out much heat, by which a layer around tibie 
nncleus would be expanded, so as to become lighter, and to cause heavier 
particles to take its place. These would at length become solidified, and 
thus would this process gradually advance towards the circumference of the 

flobe, until the whole was converted into a solid mass. This is the view of 
L Poisson. See Am, Journal of Science, yoL 84, p. 61. 
Ana. If it be admitted that the order of solidification in a globe oondensing 
from a fluid or a gaseous state, would be from the centre to the circumfer- 
ence, while that globe was surrounded by a medium of very high tempera- 
ture, yet if the temperature were such as actually surrounds the earth, ra- 
diation must produce a crust over the surface ; and when once a solid crust 
was formed, then the conclusions of Baron Fourier, already explained, would 
follow. Even though enormous pressure might make the central parte more 
dame than the crnst, stiU this would so confine the heat that a high tempera- 
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ture might exist in the interior. la every case in which experiments hare 
been made upon the cooling of intensely-heated bodies, a crust forms over tha 
Burfa se, which much retards the refrigeration of the central parts. All known 
analogies, therefore, are opposed to this hypothesis. 

Hem. M. Poisson resorts to a most extraordinary supposition to explain the 
observed increase of temperature as we descend into the earth. He assumes 
ae true, the suggestion of the elder Herschel, that the solar system is in mo- 
tion through space, and that the temperature of this space is so different in 
different parts, as to heat the earth to a great depth at one time, and then, 
while passing through the frigid regions, it is gradually giving off its heat. 
It is hardly necessary to say that such a movement of the solar system as is 
here supposed is, by no means, fully established. But if it be 
admitted, we cannot imagine what evidence there is that different portions 
of the space passed over should have more than a very slight difference of 
temperature. This is, therefore, an hypothesis based upon hypothesis. 
WheweUi Hist Induct. Sci., vol. 3, p. 564. 

Hypothetical State of the Globe in the earliest Times. 

Hem. The theory of central heat, as already explained, extends no further 
back in the world's history than to the time when the globe was in a state 
of fusion from heat ; and the chemical theory, which ascribes subterranean 
heat to the oxidation of a metallic nucleus, does not necessarily describe the 
state of things in the beginning. But the mind naturally inquires, whichever 
of these theories is adopted, what was the state of things at the commence- 
ment, or at the earliest period of which we can obtain any glimpses. To 
gratify this curiosity the two following hypotheses have been suggested. It 
ought, however, to be remarked, that though they be entirely groundless, 
the theories of central heat and of the oxidiation of a metallic nucleus, may 
nevertheless be true. 

First hypothesis. This is advanced by the advocates of original 
igneous fluidity, and supposes that previous to that time, the mat- 
ter of the globe had been in a state so intensely heated, as to be 
entirely dissipated, or converted into vapor and gas. As the heat 
was gradually radiated into space, condensation would take place ; 
and this process would evolve a vast amount of heat, by which the 
materials would be kept in a molten state, until at length a solid 
crust would be formed as already explained. 

Arguments in favor of this Hypothesis. 

1. The nature of comets shows that worlds may be in a gaseous state. 
These bodies appear to have ** no more solidity of coherence than a cloud of 
dust, or a wreath of smoke," — " through which the stars are visible with no 
perceptible diminution of their brightness." Wh^welFs Bridgetoater TVeixtite, 
pp. 162, 168. Sometimes, however, they appear more dense towards their 
centre, and well-defined circular nuclei have been seen in a few. It has been 
thought, also, that some of them became more dense at their successive re- 
turns. Dr. Herschel regards them all as self-luminous. Now, in such facts 
do we not see a striking resemblance to the early condition of our globe, ae« 
cording to this hypothesis — ^to its condition befor* it had become so mudi eon 
Uensed as to be a fluid incandescent mass. 
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f . TIm oebalcB appear to be similar in composition to comets, though not 
7«t aetaally oonyertMl into comets, lliey prove that a vast amount of the 
matter of the universe actually exists in the state of vapor. 

8. The sun, and probably the fixed stars, appear to be examples of immaue 
globes so far condensed as to be in a fluid state by intense heat. This heat, 
perhaps, is still powerful enough to dissipate the more volatile materials, 
whidi form a vast xone around the sun*8 equator and produce the zodiacal 
light 

4. The process of refrigeration appears to be still farther advanced upon 
the moon ; so much so that it has ceased to be self-luminous. And yet its 
entire surface bears the marks of volcanic desolation ; so that it is doubtful 
whether even yet it is in sndi a condition that beings like man could inhabit 
it BakewelTi Geology, p. 884. 

5. Some of the other planets appear to be in a transition state betweoi 
habitable and uninhabitable worlda Thus, a remarkable nebulosity sur- 
rounds the asteroid planets, Juno, Geres, and Pallas. Jupiter is not improb* 
ably covered with water, and Saturn by a fluid lighter tnan water. 

6. All these facts render it probable that other worlds are passizig throu^ 
the successive stages of refrigeration to which the hypothesis under con- 
sideration supposes the earth to have been subject They afford us some 
glimpses of a uir-reaching law of nature on this subject 

Second hypothesis. This hypothesis supposes the globe to have 
been created a mass of combustibles and metals uncombined ; to 
which were suddenly added water, the atmosphere, chlorine, iodine, 
and perhaps hydrogen. The chemical action that would ensue, 
woula produce an intense ignition and combustion of the whole 
surface of the planet ; a new and oxidized crust would be formed 
over it ; that crust would be rent and dislocated, as we now find it 
to have been. But as the crust became thicker, water and other 
agents, which act energetically on the uncombined metals, would 
less freauently reach them, and ~at length the surface would be- 
come haoitable. Am. Jour. Science, vol. 14, p. 88. 

Proof, It is not pretended that any facts directly corroborative of this 
hypothesis are known. But the facility with which it explains the changes 
that have taken place on the globe, is supposed to render it probable. 

Prin. It is doubtful whether geologists will ever be able from 
their science to ascertain the state of things at the beginning, or 
the first condition of created matter. For though they may go far 
backward in tracing the changes which the earth has undergone, 
yet the condition of things becomes so different from the present 
the farther they penetrate the past, that the thread of analogy fails. 
Hence it is that so many theories of the earth have not only been 
failures, but have brought ridicule upon the whole science of geol- 
ogy. When geolo^sts shall be contented to trace effects to their 
proximate causes only, and leave the origin of things untouched, 
t\xej will find their science resting on a firm foundation. WhewelTs 
Philosophy of the Inductive Sciences, vol. 2, p. 136. London. 
1840. 
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Intensity of Action in the Catises of QMogicaL Change^ or the 
Doctrine of CcUastrophes and cf Uniformity, 

First theory. Mr. Lyell oontends that the causes of geological 
change now operating upon the glohe, with no increase of intensity, 
that is, acting with no more energy than at present, are sufficient 
to account for all the revolutions which the crust of the earth has 
undergone. He admits of no irregularities or catastrophes greater 
than now take place ; and supposes that the effects which transcend 
any single effect of existing causes, have been the result of repeti- 
tions, sometimes almost endless, of present agencies. In other 
words, he supposes that things have remained from the beginning 
subject to no greater changes than they experience at the present 
time. To prove these positions, is the great object of his able 
work on the Principles of Geology. 

Rem. In his address before the London Geological Society in 
1851, Sir Charles states this principle in a more cautious and less 
objectionable form, as follows : — " That the ancient changes of the 
animate and inanimate world, of which we find memorials in the 
earth's erust, may be similar, both in kind and degree, to those 
which are now in progress." In that address he has made a very 
ingenious use of the later discoveries in geology to sustain his 
views. Quarterly Journal cf Geological Society , May 1851, p. 33. 

Proof \. It is agreed on all hands, that the nature of geological 
causes lias been the same in all ages ; although even as late as the 
time of Cuvier, he says that " none of the agents nature now em 
ploys were sufficient for the production of her ancient works." 

>2. An indefinite repetition of an agency on a limited scale, can 
produce the same effects as a paroxysmal effort of the same agency, 
however powerful; provided the former is able to produce any 
effect, as for instance, in the accumulation of detritus, the eleva- 
tion of continents, the dislocation of strata, &c. Now it is unphi- 
losophical to call in thd aid of extraordinary agency, when its ordi- 
nary operation is sufficient to explain the phenomena. 

3. Nearly every variety of rock found in the crust of the globe 
has been shown to be in the course of formation by existing aque- 
ous and igneous agencies ; and if a few have not yet been detected 
in the process of formation, it is probably because they are pro- 
duced in places inaccessible to observation. 

Second theory. This theory admits that no causes of geological 
change different in their nature from those now in action, have 
ever operated on the globe ; in other words, that the geological 
processes now going on, are in all cases the antitypes of those 
which were formerly in operation ; but it maintains that the existing 
causes operate now in many eases, with less intensity than formerly 
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Pnoqf 1. The spheroidal figure of the earth and other facts 
already detailed, seem to render almost certain the former fluidity 
of the globe. Now, whether that fluidity was aqueous or igneous, 
or both in part, it is certain that the agencies which produced it 
most hare operated in early times wit^h vastly greater intensity 
than at this day, and that their energy must have been constantly 
decreasing from that time to the present 

2. Still more direct is the evidence from the character of organic 
remains in high latitudes, of the prevalence of a temperature in 
early times hotter than tropical; too warm, indeed, to be explained 
by any supposed change of levels in the dry land. And if this be 
admitted, beat must have been more powerful in its operation than 
at present ; and this would increase me aqueous, atmospheriOi and 
organic agencies of those times. 

3. No agency at present in operation, without a vast increase of 
energy, is adequate to the elevation, several thousand feet, of vast 
chains of mountains and continents, such as we know to have taken 
place in early times. A succession of elevations by earthquakes, 
repeated through an indefinite number of ages, the vertical move- 
ments being only a few feet at each recurrence, is a cause inade- . 
quate to the effect, if we admit that earthquakes have exhibited 
tneir maximum energy within historic times. If we could suppose 
a succession of earmquakes, acting for thousands of millions of 
years along some anticlinal axis of great length, we have reason to 
suppose from their known operation, that sometimes they would 
elevate, and sometimes sink down the surface ; so that the final re- 
sultant would be probably little change of level, and not an eleva- 
tion like the Andes or the Himmalayah mountains. 

4. In a majority of cases, the periods of disturbance on the globe 
appear to have been short compared with the periods of repose 
that have intervened ; as is obvious from the fact that particular 
formations have the same strike and dip throughout their whole 
extent; unless some portions have been acted upon by more than 
one elevatory force ; and then we find a sudden change of strike 
and dip in the formations above and below. Whereas, had any of 
the causes of elevation now in operation lifted up these formations 
by a repetition of their present comparatively minute effects, there 
ought to be a gradual decrease in the dip from the bottom of the 
formation upwards, and no sudden change of dip between any two 
consecutive formations, unless some strata are wanting. At the 
periods of these elevatory movements, therefore, the force must 
have been greater than any that is now exerted, to produce analo* 
gous effects. 

5. The sudden and remarkable changes in the organic contents 
of the strata, as we pass from one formation to another, even when 
none of the regular strata are wanting, coincides exactly with i^e 



INTENSITY 07 GEOLOGICAL AGENCIES. 331 

sapposition of long periods of repose, succeeded by destmctive 
catastrophes. Nor is the supposition that species of animals and 
plants have become gradually extinct, and have been replaced by 
new species, by a law of nature during periods of repose, sustained 
by any facts that have occurred within the historic period : no ex- 
ample having been discovered of the creation of a new species by 
such a law ; and only a few examples of the extinction of a species. 
WheweWs Hist, Indue, Sci.j vol. 3, p. 589. 

6. We have no evidence that the most important of the older 
rocks, both stratified and unstratified, are produced by any causes 
now in operation. That they may be produced deep in the earth, 
where igneous causes are still in intense operation, is a plausible 
hypothesis, but unsustained by a single example of the production 
of mica slate, gneiss, granite, or syenite. The highly crystaUine 
and in other respects peculiar character of these rocks, as well as 
their entire deficiency of traces of organic existence, when they 
were formed, point to a state of the globe different from the 
present, but different only because existing causes, especially heat, 
operated then with greater energy than at present. 

7. Upon the whole, were we to confine our attention to the ter- 
tiary and alluvial strata, it might be possible to explain their phe- 
nomena by existing causes, operating with their present intensity. 
But when we examine the secondary and hypozoio rocks, we are 
forced to the conclusion that this hypothesis is inadequate ; and 
that we must admit a far greater intensity in geological agencies 
in early times than at present. 

8. But the question here arises, how long a period shall we as- 
Bome as a measure of the intensity of existing agencies ? The 
most strenuous advocates of the doctrine of unuormity will admit 
of some oscillation in the intensity of these agencies ; because a 
single year shows it. How then shall we determine how wide that 
oscillation may be ? In order to obtain the average intensity, 
how can we say but that all geological cycles must be included ? 
To make any particular portion of time the measure of all the rest, 
must be an arbitrary assumption. And, therefore, we cannot as- 
certain what is the standard or the average of intensity ; and until 
this can be done, is the subject considered under this head any- 
thing more than a controversy about words ? The alluvial period 
has been assumed in the above argument as the measure of all that 
have gone before it. But can any reason be given why this should 
be taken rather than a longer one ? and who knows how much 
greater intensity existing causes may yet exhibit, during the allu- 
vial period, than they have done ? Since we know that some ca 
tastrophes, however small they may be regarded, have occurred 
during the alluvial or historic period, all presumption against 
more powerful ones in future is taken away; and as to past 
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changes, we must jadge of the intensity of the producing agencies 
by tfo effeots. fitec an able view of this subject in WhewelTs Phi- 
losophy of the Inductive Sciences^ vol. 2, p. 123. 

77ieory of Organic and Inorganic Progression 

Rem. This subject might be regarded, perhape, as embraced in that jqst 
ooiiBidered ; and geuerallv, whoever adopts the uniformitariaa views of geo- 
logical causes, embraces also that of non-progression. Yet the two theories 
demand a separate consideration. 

Descr. The doctrine of inorganic progression implies that the 
matter of the globe has passed through a series of changes, con- 
tinuous or discontinuous, whereby the surface has been rendered 
fit for higher and higher races of organic beings. Organic pro- 
gression implies that beings of a higher and higher grade of or- 
ganization and faculties have successively peopled the earth. 

Proof 1. As the temperature of the interior of the earth is 
much higher than that of surrounding space, by the laws of heat 
there must be a constant radiation of heat into space, and unless 
this can be proved to have proceeded in a cycle, or without end, — 
which cannot be done, — the earth must have been constantly un- 
dergoing physical changes. If this process of refrigeration has 
been going on long enough, there must have been a time when the 
supface was too hot for any kind of organic beings to exist upon it. 
And when it became possible for some sorts to be placed upon it, 
it was still unadapted for those of complicated organization. 
2. Accordingly, we find but a few of the fiowering plants, or of 
vertebral animals, in the lowest recks, and their number and perfec- 
tion have for the most part increased from the first, while the lower 
classes have made but little progress, and perhaps in some instances 
have retrograded. 3. The surface has been rendered capable 
of sustaining beings of a higher organization in three modes ; first, 
by the operation of aqueous and atmospheric agencies the quantity 
of soil has been increased; secondly, animals and plants have 
eliminated lime from its more hidden combinations, and converted 
it into carbonate and sulphate; thirdly, the surface has reached a 
statical condition, and the climate is more congenial to such 
natures. 

Objection 1. The progress of geological research tends more 
and more to show us that the great changes which the rocks have 
experienced have resulted from long-continued agencies rather 
than paroxysmal movements, and that the past condition of things 
does not seem to have differed much from the present. 

Ans. There has certainly been a great change of opinif»n as to 
the character of geological agencies since Sir Charles Lyell twenty 
years ago, called the attention of geologists to the subject. But in 
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iaeh a oase there ia danger of swinging off into the opposite ex- 
treme. We may reasonably admit that men have been too prone 
to call in the aid of paroxysmal moyement, and peculiar conditions 
and causes, to explain phenomena ; but so long as it is true, that 
carbonate and sulphate of lime have been increasing, and the com- 
minution and increase of soils have been going on, and especially 
since the earth's temperature has been diminishing by the laws of 
radiation, an alteration of condition and of intensity in the causes 
of change has been inevitable, and consequently in the adaptation 
of the surface to different kinds of organisms ; nor can there be 
any doubt that it has been an improved rather than a retrograde 
process. 

Obj. 2. Almost every year brings to light in the rocks evidence 
of the existence of more perfect animals and plants at an earlier 
date than had been known, and since the greater part of the earlier 
fossils are marine, perhaps the number of air-breathing vertebrate 
animals and of flowering plants found among them, is almost as 
great as we ought to expect, even if the present condition of 
things has existed from the earliest Silurian periods. 

Ans. It is true that one or two examples of Batrachians and 
Chelonians have been found as low as the Devonian series, but not 
one in the vast formations below, nor a single example of mammals 
till we rise to the trias ; whereas in the tertiary we find 392 species 
of mammals, and in the alluvial, 358 species ; and among existing 
animals, 2,030 species ; and a similar prodigious increase of more 
perfect forms exists iik almost all other vertebral tribes, and vascu- 
lar plants. While, therefore, the discovery of now and then a 
species of higher organization shows that their existence was possi- 
ble at the eiurlier periods, yet it will require a vast number of such 
discoveries to prove the proportion between the more and the less 
perfect to have been then as now. And until that be proved, the 
evidence of progression remains unaffected. 



Hypothesis of creation and development by Law. 

Descr. This hypothesis, when fully stated, embraces three dis- 
tinct branches. The first supposes the present universe to have 
been developed by the power of natural law from nebulous matter, 
without any special Divine Interposition, according to the views 
of the eminent mathematician, La Place. This has been called 
the cosmogony of the subject. The second supposition is, that 
certain laws, inherent in matter, are able of themselves to produce 
the lowest forms of life without special creating power. This 
forms the Zoogony of the subject. The third supposition is^ that 
in the lowest forms of organization thus produced, called monads, 
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there exists an inherent tendency to improrement And thus 
from a mere mass of jelly .vitalized, higher and more complicated 
organic forms have been eliminated, nntil man at last was the re- 
salt. This is called the Zoonomy of the subject. 

JRem. Tlie euppoaed proof of this hypothesis is derived from astronomy, 
pbysioloffj, galvanism, botany, zoology, and geology. But it is only the ar- 
gnment &om the latter subject that can receive any attention in this work. 

Rem, 2. When this hypothesis is fully carried out, it is intended and adopt- 
ed to vindicate atheism. See OknCs Phyno-Philosophy, London, 1847. 
When advocated by a professed believer in the Deity and even in revelation, 
it is made to assume a much more attractive aspect. See Vestigee of the 
Natural SUtory of Creation, New York, 1846, with a eeottel in 1846. The 
proposed object of these latter works is to prove that the whole revelation 
of uie works of Qod, presented to our senses and reason, is a system based 
" on what we are compelled, for want of a better term, to call law" But if 
the views are adopted, they virtually annihilate the doctrines of miraculous and 
special Providence and of prayer. See my Religion of Geology, Lecture IX.; 
4U90 Sedgwick's Diteourae on the Studiee of the University, Fifth Edition, Lon- 
don, 1860. Also Hwgh Miller's Asterolopis; or. Footprints of the Creator: 
also Reviews in almost all the leading Periodicals in Q-reat Britain and this 
country for a few years past 

Supposed Geological Proof of the kf^pothesis. 

1. In the oldest fossiliferons rocks we find chiefly the more nm- 
pie inyertebrate animals and flowerless plants, and the more perfect 
ones came in gradually, increasing in numbers and complexity of 
organization to the present time. The lowest vertebrate animals 
were fish ; then reptiles succeeded, then birds, then mammals, then 
man. Here we see the series gradually expanding, just as this 
theory requires. 2. There was probably a distinct sUrps^ or root, 
for each of the great classes of animals uid plants, with which it 
started, from which the development proceeded along as many 
great lines as there are classes. This supposition shows why we 
find representatives of all the classes in the lowest rocks. 

Ansioer 1. In all the 26,000 species of organic remains dug 
from the rocks, they are just as distinct from one another as exist- 
ing species ; nor is there the slightest evidence of some having 
been developed from others. 2. The gradual introduction of 
higher races is perfectly explained by the changing condition of the 
earth, which being adapted for more perfect races, Divine Wisdom 
introduced them. 3. For the most part the new races were intro- 
duced by groups, as the old ones died out in the same manner. 
The new groups were introduced at once; pointing clearly to 
creation rather than development. 4. If anywhere, we ought to 
find evidence of development and metamorphosis in the human 
species. But so immeasurably is man raised by his moral and in- 
tellectual faculties above the animals next below him in rank, that 
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the idea of his gradual eyolution from theni) is absurd. Man^s 
moral powers, for instance, which are his noblest distinction, do 
not exist at ^1 in the lower animals. Nothing but miraculous 
creation can explain the existence of man. 5. The admission of a 
distinct stirp for each of the classes, is a virtual abandonment of 
the whole hypothesis ; for it admits, for example, that a flowering 
plant and a vertebral animal commenced two of these series, 
although to reach such a height of organization, requires, by the 
same hypothesis, a transmutation through all the flowerless plants 
and invertebrate animals. 6. There is decisive evidence that in 
many cases during the geological periods, animals, instead of as- 
cending, descended on the scale of organization from the more to 
the less perfect. Of the fishes generally, Hugh Miller says, that 
" the progress of the race, as a whole, though it still retains not a 
few of the higher forms, has been a progress not of development 
from the low to the high, but of degradation from the high to the 
low." Among the invertebrate animals, says M. Aloide D'Orbigny, 
" the cephalopods, the most perfect of the mollusks, which lived in 
the early period of the world, show a progress of degradation in 
their generic forms," — and again, "the mollusks, as to their 
classes, have certainly retrograded from the compound to the sim- 
ple, or from the more to the less perfect." Cours ElemerUaire de 
Pctleontologie et Creologiey Premiere Partie^ p. 293, Paris ^ 1850. 
7. Geology shows us that there was a time when organic life first 
appeared on the globe, and an indefinitely long period when no 
animals or plants existed. What gave the laws of nature the 
power, all at once, to start the new races ? Why was not that 
power put forth earlier, or even from eternity, if the world existed 
from eternity ? In short, of all the sciences, geology affords the 
fewest facts to sustain this hypothesis. No other science presents 
us such repeated examples of special miraculous intervention in 
nature. 

« 

Character and Repletion of MetaUic Veins, 

Rem, Thd subject of metallic veins,— one of the most difficult in geology, 
although touched upon in seyeral places in this work, has been mainly de- 
ferred to this place ; because it could not be well understood without an ac 
quaintance with nearly the whole of geology. 

JDescr. The metallic matter, called ore, rarely occupies the whole 
of the vein ; but is disseminated more or less abundantly through 
the quartz, sulphate of baryta, wacke, granite, &o., which constitutes 
the greater part of the vein, and is called liie gangue, matrix, or 
veinstone. Often the ore and the gangue form alternating layers. 
Sometimes there are cavities lined with crystals, which cavities are 
called druses. 



B36 MSTALUC vmre. 

Doer, Metaliio like other Teins vary very miich in width, both 
in a vertical and a horizontal direction. They are of unknown 
depth; for scarcely ever have they been exhansted downward. 
The deepest mine that has been worked, is that at Truttenberg in 
Bohemia; which has been explored to the depth (A 3,000 
feet 

Descr, In all cases metallic like other mineral veins, are filled 
with matter different from the rocks which they traverse. In 
8om^ instances they are obviously of the same age with the con- 
taining rock, but in a majority of cases, they are fissures that have 
been subseouently filled. They exhibit almost every variety of 
dip and struce, and yet it has been thought that they very often 
affect an east and west direction, though frequently they run north 
and south, and their dip usually approaches the perpendicolar. 
These veins often ramify and diminish until they finally disappear 
Their width is very various ; from a mere line, up to some hun- 
dreds of feet The metallic veins of Cornwall vary from an inch 
to 30 feet in width. The contents are sometimes arranged in suc- 
cessive and often corresponding layers cm each side. 

Descr, The contents of metalliferous veins often vary in the 
same vein, in different rocks, through which it passes, both perpen- 
dicularly and in the direction of the vein. Its width also varies in 
the same manner. 

Descr, Metallic veins are most numerous in hypozoio and paleo- 
loic rocks. No vein is worked in Great Britain above the new 
red sandstone. Nor are any explored of much importance, above 
the carboniferous limestone. In the Pyrenees, however, hematitic 
and spathic iron occur in transition strata, in the lias, and the 
chalk. In the Cordilleras of Chili, also, tertiary strata, which 
have become crystalline by the proximity of granite, are traverse 
by true metallic veins of iron, copper, arsenic, silver, and gold, 
which proceed from the underlying granite. 

Descr, As a general fact, metallic veins are most productive 
near the junction of stratified and unstratified rocks. Their pro- 
ductiveness depends also on their direction, in some measure ; au 
east and west direction being regarded as the most fevorable in 
Cornwall ; while the cross courses^ or north and south veins, are 
usually unproductive. 



Deter. Mr. Carne finds evidence in Oorawall of the exifitence of metallic 
veins of no lees than six or eight different ages ; a case analogous to the one 
exhibited on Plate 2. WhewelFa Hist Indue. Sciences, vol. 3, p. 640. 

Fig. 202 is a section of tin and copper veins near Redruth in ^^°^ 
They generally pass from the kiUaa, or slate, into the granite beneath. ^ 
section reaches to the depth of 1,200 feet The dotted lines represeodta^ 
tin lodes, (veins,) and the continuous lines, the copper lodea 
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Jig. S09. J 

Tlieoriei to exphia the Repietion of 
Veins tn Gaterai. 

1. Werner Bnppoeed that vains were 
fissurefl filled by aqueous infiltration 
from above. But it is probable that 
this bypothesiB will apply to smrcelj a 
single example of all the TarteUea of 
Teins. 

2. Hatton sapposed that veiua were 1 
filled by melted matter injected from •^ 
beneath. And the &eta that have been ^ 
detailed in thia work, make it almost oer- ^ 
tain, that a large part of the veins, filled J 
by DUBtratified rook, were thus produced. e 
Indeed, it is often practicable to traoe o 
these veins to the central mass from ^ 
which thev proceeded, and to follow them 
at the other extremity, as thev thin off 

and are loet. It is almost equally certain . 

that many metallio veins were dhus pro- I 

duoed. J, 

3. Prof. Sedgwick supposes some Teina % 
to have been prodaoed by chemical segre- 3 
gation from we rock in which tiiey oeonr, 

while that was in a yielding state ; just 
as the nodules of flint were segregated 
from chalk, or crystals of simple minerals 
from the rocks in which they are now 
found imbedded. That many veins wen 

5 reduced in this manner can hardly bo • 

oubted ; for sometimes we find them 
passing by insensible gradation into the 
including rock, and thus showing that 
they are of contemporaneona origin with 
the rock, while both were in a fluid state. 
In such oases chemical segregation is the 
only known principle by which the vans 
ootud have been formed. 

4. Mr. Fox and M. Beoquerel refer the origin of many metallio 
veins to electro- chemical agencies which are operating at the pres- 
ent day, to transfer the contents of veins even from the solid rooks, 
in which they are disseminated, into fissures in the same. Tho 
fvmer of these gentlemen has showu couclusively, that the mate- 
riali of metallic reins, arranged as they are in the earth, are otfit- 

15 
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ole of ezeriiiig a feeble electro-magnetio influence ; that is, thej 
ooDStitnte ffftlvanic eircuito, wherebj nnmerous decompositions, and 
reoompositions, and a transfer of elements to a considerable dis- 
tance, maj be effected. He was induced to commence experiments 
on this subject, bj the analogy which he perceived between the ar- 
rangements of mineral yeins and voltaic combinations. And he 
thinks if such an agency be admitted in the earth, it shows why 
metallic veins, having a nearly east and west direction, are richer 
in ore than others; since electro-magnetic currents would more 
readily pass in an east and west than in a north and south direc- 
tion, in consequence of the magnetism of the eartL M. Becquerei 
has shown, that even insoluble metallic compounds may be pro- 
duced by the slow and long-continued reaction and transference of 
the elements of soluble compounds by galvanic action. He has 
also made an important practical application of these principles, 
which is said to be in successful operation in France ; whereby the 
ores of silver, lead, and copper, are reduced without the use of mer- 
enry. Buekland*s Bridgacater Treatise^ 2d Edition, p. 552 and 
615, voL 1, and p. 108, vol. 2. This ingenious theory bids fair to 
solve many perpkxing enigmas relating to metallic veins, and to 
prove that some of them mi^ even now be in a course of forma- 
tion. 

5. M. Neckar and Dr. Buckland suggest that some mineral veins 
may have been filled by the sublimation of their contents into fis- 
•ares and cavities of the superincumbent rocks, by means of in- 
tensely-heated mineral matter beneath. Thus it has been shown 
that by heating galena in a tube, and causing its vapor to unite 
with that of water, a new deposition of that mineral was produced 
in the upper part of the tube ; and in a similar manner boracio 
acid, which by itself does not sublime, may be carried upwards and 
deposited anew. Buckland^s BndgewcUer Treatise^ vol 1, p. 551. 
PkUlips^ Geology, p. 273. 

Chndution, Probably it will be necessary to call in the aid of nearly all 
the preceding hypotlieses to explain the complicated phenomena of mineial 
Teiiis. 

For aooarate aooonnts of this difficalt subject see PhiUipi TretUite on Cf^ 
9loay, ToL 2, chapter ▼iiL Also De La BecMi Geologie<u Report on Obn^ 
wail and Dmtai^ chapter z. Also AmiecTt (jMogy^ vol 2, p. 244 
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SECTION IX. 

OOMNECTION BETWfiEN OEOtOGY AND NikTURAI. AND KEVXAXtED 

RELIGION. 

1 . IUustr(Uums cf Natural Religimtfrom QtaiU^, 

Ran, The bearing of geology apon religion, has always excited a good dad 
of interest and discussion ; and being io some respects peculiar and import- 
ant, a treatise on geology, which omits this subject, most be considered aa 
deficient. 

Prin. Geology shows us that the existing system of thing? upon 
the globe had a beginning. 

Proof, 1. Existing continents have been raised from the bottom 
of the sea, where most of their surface was formed by depositions. 
2. With a few exceptions, the existing races of animals and plants 
must have been created since the deposition of all the rooks except 
the alluvial, since their remains do not occur in the older rocks. 
Hence it i^pears that not only the present races of organic beings, 
but the land which they inhabit, ure of comparatively modem pro- 
duction. 

Inf, 1. Hence it is inferred that the existing races of animals 
and plants must have resulted from the creative agency of the Su- 
preme Being ; for even if we admit that existing continents might 
have been brought into their present state by natural causes, the 
creation of an almost entirely new system of organic beings, could 
have resulted only from an exertion of an infinitely wise and pow« 
erful Being. Indeed, the bestowment of life must be regarded as 
the highest act of omnipotence. 

Inf, 2. Hence the doctrine which maintains tiiat the operations 
of nature have proceeded eternally as they now do, and that it is 
unnecessary to call in the agency of the Deity to explain natural 
phenomena, is shown to be erroneous 

Inf. 3. The preceding inferences being admitted, natural theol* 
ogy need not labor to disprove the eternity of matter, since its 
eternal duration might be admitted, without affecting any import- 
ant doctrine. See Chalmer$^ Works, vol. 1, chap. v. on NaturcU 
Theoiogy, where this subject is admirably treated. 

Prin. Several different systems of organic life have appeared on 
the globe, adapted to its varying conditions, as to temperature, 
moisture, food, and oth^ circumstances. In the opinion of manj 
geologists, also, numerous changes took place on the globe pre* 
vious to the creation of animals and plants ; all of which tended to 
prepare it for their dwelling place. 
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hif. 1. HeBoe it appears tbat the Deitj lias always eierasal 
OTer Uie ^obe a saperinteoding Proyidenoe, and whenerer it was 
neoesssrj, has interfered with liie regular seqnenoe of events. 

Ifif. 2. A nresamption is also henoe obtabed, that the matter 
of the globe had a befftnnin^; or at least, all presumption against 
its creation out of nowing, is taken awaj. For there mnst have 
been a oommeneement to a series of changes in which there is con- 
^ned improTement, (such as the globe has aetnallj experienced) 
and it is & primi as probable, Uiat at the beginning of these 
dianges, matter was called into existence, as that at saccessiye pe- 
riods new races of animals and plants were created. 

JfVin. In all the conditions of the globe from the earliest times, 
and in the strncture of all the organic beings that have saccess- 
ively peopled it, we find the same marks of wise and benevolent 
adaatation, as in existing races, and a perfect nnity of design ex- 
tenaing throoffh every period of the world's history. 

Prwf, 1. The anatomical strncture of animals and plants was 
very diftrent at different epochs ; but in all cases the enange was 
f tted to adapt the species more perfectly to its peculiar c<Hidition. 
2. To communicate the greatest aggregate amount of happiness, is 
object in the arrangements of the present system of na* 



torn \ and it is clear from geology, that this was the leading object 
in aU previous systems. 3. The existence of carnivorous races 
among existing tribes of animals tends to increase the aggregate 
of enjoyment, first, by the happiness which thoae races themselves 
enjoy ; secondly, by uie great reduction of the suffering which dis- ^ 
ease and gradual decay would produce, were they not prevented 
by sudden death; and thirdly, by preventing any of the races from 
such an excessive multiplication as would exhaust their supply of 
food, and thus produce great sufferiiM^. Now, we find that carniv- 
orous races always existed on the globe, showing a perfect unity of 
design in this respect Thus when the chambered shells, so abun> 
dant in the secondary rocks, and which were carnivorous, became 
extinct at the commencement of the tertiary epoch, numerous uni- 
valve molluscs were created, which were carnivorous; although 
till that time these races had been herbivorous. 

Inf. From these statements we infer the absolute perfection, 
and especialljr the immutable wisdom of the Divine character. A 
minute exammation of the works of creation as they now exist, dis- 
closes the infinite perfection of its Author, when they were brought 
into existence; and geology proves Him to have been unchan^ 
ably the same, throi^ the vast periods of past duration, which 
that sdenee shows to have elapsea smce the original formation of 
the matter of our earth. 

^ ?T:. ''^ ^^^ ^ ^^ ^"^^^ >• adminUly dsvskptd in the kle nte^ 
dtf BrkifMraltr llMiMii% ly fir. BoBkhMd ' '^ 
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Ffin, OeoIo|[j fbrnishes many peculiar proo& of the benero* 
lence of the Deity. The following are the most striking. 

1. The Fhrtnation rf Soih bjf the Decomposition (f Rocks. 

lUus, The disintegration of rocks, which we eyerywhere witness, 
strikes the mind at first as an exhibition of decay indicating some 
defect of contriTance on the part of the Deity. Bat when we find 
that the soils resulting from wis decomposition are exactly adapted 
to the erowth of plants, and that these are essential to Uie exist- 
ence of animals, we can no lonffcr doubt but we have before us a 
bright exhibition of bencTolent design. 

2. The Disturbances that have taken place in the Eartikfs CruU. 

Mus. To a person not fiimiliar with geology, the elevation, dis* 
mption, contortion, and overtumiogs, exhibited by the rocks, pre* 
sent a scene of confusion and chaos rather than prooft of benevo- 
lent design. But suppose the strata had remained horicontal, as 
first de|k>sited. Nearly all the beds of valuable rocks and min- 
erals must have been hidden from human view, and rendered inac* 
cessible. But the disturbances escperienced by these strata have 
brought them within the reach of human mdustry. Derign then 
is mimifest in this apparent confbBion. 

3. The FhmuUion of Valley 

lUus, In mountamous countries these have resulted nuunly from 
tiie elevation and dislocation of the strata. They have, however, 
been greatly modified and rendered beautiful and arable, by means 
of atmospheric and aqueous ag^cies; and to these latter causes 
most of the valleys in level countries owe their origin. Now, with- 
out valleys, the earth would be uninhabitable ; because there could 
be no circulation of water, and stagnation a^ death would per- 
vade all nature, even if we admit enough of inequality to redeem a 
part of the earth from the ocean. 

4. 7%e Di^ibution of Water. 

lUus. Wt might at first suppose, that in mountainous regiObs, 
all the water would soon be accumulated in the valleys. Whereas 
such are the nature and situation of the soil and rocks, that the 
ridges are usually as well watered as the valleys. The alterna- 
tions of pervious with impervious strata form natural reservoirs of 
water in the earth, and those dislocations of the strata, termed 
firalts, tend to render these reservoirs still more perfect, while the 
ftot that springs occur in almost every part of the earth| show that 
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ewMigli oomimmicatioos exist to the enrfftoe to allow of the pas 
sage of sufficient water for the support of animals and vegetables. 
These springs, uniting into rivers, find their way into the ocean, 
where an equal quantity of water is evaporated, and brought back 
by cloud9 into the regions where this perpetual drain is going on. 
Thus a constant circulation is kept up, while the hydraulic arrange- 
ments of the earth's crust are such as to keep a constant supply in 
all those plaoes where it is needed. Surely here is b«[ievolent de- 
sign, and design, too, brought about by apparent disorder and 
ooafusion. 

5. ITie DistrilnUi^n of MBtaUic Ora. 

lUtu, If the earth has been in a state of fusion, we should ex- 
pect that the metals, being generally heavier than otl^r minerals, 
would have aocnamlated at Uie centre, and have disappeared from 
the earth's crust But by means of sublimation, segregation, and 
other agencies, enough of these metals has been brought so near 
the mutfaee as to be accessible to man. Yet they are not so abun- 
dant, nor so easily obtained, as not to demand patient industry 
and ingenuity, whose exercise is indi^ensable to human improve- 
neat tid happiness. Again, the most important of these metallie 
ores, — ir<», lead, copper, &c., are most abundantly distributed and 
most easily obtainecL 

6. Drtft Agencif. 

IBus, The effect of those powerful agencies, until recently re- 
garded as exclusively diluvial, that have swept over large portions 
of tihe earth's surface in past times, has been to wear down its more 
rooky and salient parts, to convert steep escarpments into gentle 
slopes, and to increase the quantity of soil, and spread it more ex- 
tMsively over the surface. Hence, though at first a desolating 
agency, its ultimate effect is most salutary. 

7. Volcanic Agency, 

Illtis, It operates, in the first place, as a safety valve, to pre- 
vent those vast accumulations of heat which exist in the earth, 
from rending whole continents in pieces ; in the second place, it 
aids in raising continents from the ocean and in the formation of 
valleys. 

06^, Why should not a benevolent Being, who is omnipotent, 
secure to his creatures the benefits which result from volcanic 
agency, without the attendant evils, such as the destruction of 
property and life ? 

Ji|w. This is a question that meets the student of natural the--. 
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oiogy at almcMJt every step of bis progress ; for we find almost uni- 
versally, that evils are incident to operations whose natural ten- 
dency and general effect are beneficial. Probably it is so, because 
a greater amount of good can thereby be secured in the end. But 
the existence of evil is one of those difficult subjects whose com- 
plete elucidation ought not to be expected in this world. 

8. 3%e accumuiatiofi of extensive deposits of coaly rock salty gyp- 
suniy marblcy and otiwr valtioble mineralSyfor the use of man 
during the long periods that preceded his existence, 

Jllus. While the earth was in a state unfit for the animals and 
plants now existing upon it, it was covered with a gigantic vegeta- 
tion, whose relics became entombed,, and were gradually converted 
into those beds of coal, which are now in the course of disinter- 
ment, and which are so important to human improvement and hap- 
piness. Then also, rock salt, gypsum, and marble were slowly 
preparing for the service of beings to be created centuries after- 
wards. Can there be a doubt but this is a beautiful example of 
the prospective benevolence of the Deity ? 

9. The adaptation of the natures of different groups of ani- 

mals to the varying condition of the globe. 

lUus. The Deity intended the world ultimately to become the 
residence of intellectual and moral beings ; but for wise reasons he 
chose to bring it by slow processes of change into a fit condition 
for their residence. Yet his overflowing benevolence prompted 
Him to people the world, during this transition state, with animals 
'whose natures were perfectly adapted to its condition. And as 
often as that condition changed, did he change its inhabitants and 
their constitution. He might have left it desolate during these 
mighty periods of preparation. But infinite benevolence woi4d 
not permit. 

The World in a Fallen State. 

Prin, In spite of these evidences of Divine benevolence, geol- 
ogy unites with all other sciences, and with experience, in showing 
the world to be in a fallen condition, and that this condition was 
foreseen and provided for, long before man's existence, so that he 
might find a world well adapted to a state' of probation. • 

proof 1. It appears that the laws and operations of nature 
have been the same, essentially, as at present in all ages. 2. That 
the same systems of sustenance, reproduction, and death, have 
always prevailed. 

Inf. i. Hence it must always have been impossible, in thiB 
world, to liave avoided severe suffering : ex. gr. pain and death. 
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Inf, 2. Hence it has neTer been sach a world as perfect benevo- 
lence would have prepared for perfectly holy and happy beings ; 
though benevolence has always so decidedly predominated in it, as 
to show it to be a world of probation and mercy, not of retribution. 

Frin. Oeology enlarges our conceptions of the plans of the 
Deity. 

Exam, 1. The prevailing opmion, until recently, limits the 
duration of the globe to man's brief existence, which extends 
backward and forward only a few thousand years. But geology 
teaches us that this is only one of the units of a long series in its 
history. It develops a plan of the Deity respecting its prepara- 
tion and use, grand in its outlines, and beautiM in its execution ; 
reaching far back into past eternity, and looking forwards, perhaps 
indefinitely, into the future. 

2. Each successive change in the condition of the earth thus 
fer, appears to have been an improved condition ; that is, better 
adapted for natures more and more perfect and complicated. In 
its earliest habitable state, its soil must have been scanty and 
sterile, and almost destitute of calcareous matter, except in the 
state of silicates, which plants decompose with difficulty. The 
surface also, was but little elevated above the waters ; and of 
course the atmosphere must have been very damp; though the 
temperature was very high. Every subsequent change appears to 
have increased the quantity and fertility of the soil, the amount 
of the salts of lime and geine, and the dryness of the atmosphere. 
Should another change occur, similar to those through whidi it 
has alre^y passed, we might expect the continents to be more 
fertile, and capable of supporting a denser population. 

3. It appears that one of the grand means by which the plans 
of the Deity in respect to the material world are accomplished, is 
constant change; partly mechanical, but chiefly chemical. In 
every part of our globe, on its surface, in its crust, and we have 
reason to suppose, even in its deep interior, these changes are in 
constant progress; and were they not, universal stagnation and 
death would be the result. We have reason to suspect also, that 
changes analogous to those which the earth has undergone, or is 
now undergoing, are taking place in other worlds ; in me comets, 
the sun, the fixed stars, and the planets. In short, geology has 
given us a glimpse of a great principle of insUMliiy^ by which the 
stability of the universe is secured ; and at the same time, all these 
movements and revolutions in the forms of matter essential to the 
existence of organic nature, are produced. Formerly the examples 
of decay so common everywhere, were regarded as defects in 
nature ; but they now appear to be an indication of wise and 
benevolent design : — a part of the vast plans of the Deity for se- 
curing the stability and happiness of the universe. 
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2. Connection of Geology with Revealed Religion, 

Prin. ReveUtioa does not attempt to giro instraotion in the 
principles of science: nor, does it use the precise and accurate 
language of science; but the more indefinite language of common 
life. Nor does science attempt to teach the peculiar truths con- 
tained in revelation. 

Inf, 1. Hence it is only where revelation incidentally touches 
upon the same points as science, that the two subjects can be 
brought into comparison. 

ih/I 2. Hence there may be apparent discrepancy between the 
two subjects, when there is real agreement on account of a differ- 
ence in the language employed: ex. gr.: the Bible apparently 
contradicts astronomy, when it asserts that the earth is immoT- 
able, and that the sun rises and sets ; but that here is no real dis* 
agreement, is too obvious to require proof. 

Inf. 3. Hence it is reasonable to expect, only that the princi- 
ples of science, rightlv understood, should not contradiet the state- 
ments of revelation, rightly interpreted. Unexpected coincidences, 
however, may occur between the two subjects; and these will tend 
to strengthen our belief in the truth of both. 

Inf. 4. Hence the points of apparent discrepancy ou^t to be 
more numerous than the points of agreement between science and 
revelation, in order to prove a real contradiction between them : 
for it is as difficult to explain an apparent agreement, where there 
is real discrepancy, as the reverse. 

Points of Coinddenoe between Geology and Reodatiom. 

1. They agree in representing our present continents as for- 
merly covered by the oceim. 

JProof. That uiey were thus submerged, is one of the best set- 
tled prmciples of geology ; and that revelation teaches the same, 
appears from Genesis, 1:1,9. 

2. They agree as to the agents employed to produce geological 
changes on the globe : vis. water and heat 

Proof. Water is the only agent directly named in Oenesis, and 
the cievation of the land is imputed direcUy to the exertion of 
Omnipotence. But in Psahn 104 : 2, 4 to 7, where this opera- 
tion seems to be described, the voice of God^s thunder^ there re- 
presented as the i^B^nt, may reasonably be understood to refer to 
volcanic agency. This same agency is represented as having de« 
stroyed the cities of the plain, according to Dr. Henderson's trans- 
lation of Job, 22 : 15 to 20. A future change in the earth is also 
described as resulting from fire, 2d Peter, 3 : 10. See Timw'e 
Sacred Mutorv rfthe Worlds p. 24^ 25. 
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3. They agree in representing tlie work of creation as progressiyei 
after the first production of the matter of the universe. Crenesis, 
First Chapter. 

4. They agree in the fact that man was among the latest of the 
animals created to inhabit the globe. 

Bmrn, This is a yery importaat poiat. For had the remains of man been 
foond among the earliest organic relics, while the Bible represents him as the 
last animal created, it would have been difficult to see how the two records 
could be reconciled. 

. 5. They agree in the fact, that the epoch when the existing 
races of animals and plants were placed upon the globe, was com- 
paratively recent 

Proof. According to revelation, this epoch could not have been 
more than 6,000 years ago ; and although we cannot as yet con- 
nect geological and chronological time, there are facts which prove 
that the commencement of the present order of things, and of the 
existing races of animals and plants, cannot have been very remote. 
Their remains occur only in alluvial deposits. Now, the quantity 
of alluvium at the mouths of rivers, although often advancing 
rapidly, is yet comparatively limited. The accumulation of frag- 
ments at the base of steep rocky precipices, is still in most cases 
going on : as is also the formation of peat. But had these pro- 
cesses commenced at an immeasurably remote period, they ought 
ere this to be completed. Wide oceans ought to be converted into 
alluvial plains, precipices should all be levelled, and peat swamps 
be so filled that the process of its formation would stop. 

6. The facts of geology render the future destruction of the 
earth by fire, a not improbable event. 

Proof. Nearly all geologists admit that the earth contains vast 
reservoirs of heat ; and if these are brought into action by the fiat 
of the Almighty, the eiemenis might be melted and the earth and 
the things therein be burned up. Or it is even easy to conceive 
how this internal heat, without miraculous interference, might, 
under certain circumstances, produce the same result. 

Supposed Discrepance/ betvxen Geology and Revelation, 

Descr. The supposed discrepancies between geology and revela- 
tion, relate first, to the age of the world, and secondly, to the period 
when death was introduced upon the globe. 

Descr. Geologists suppose that the changes which have taken 
place on the globe, must have occupied immense periods of time ; 
and that several successive systems of animals and plants inhabited 
the world previous to the creation of the existing races : whereas 
the Mosaie account, according to the common interpretation, repre- 
sents the matter of the globe to have been produeed outc^fnetuDg^ 
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only a few literal days previous to the <a*eation of man; and that 
all the animals and plants that ever lived on the globe, were then 
brought into exigijbence. 

Hem. I am not aware that this statement has ever been formally adduced 
by any geological writer in opposition to revelation. But geologists having 
come to the conclusion that the earth, in some form, must have existed more 
than 6,000 years, some Christian writers have inferred that this was opposed 
to the Mosaic account, and have attempted a defence of revelation. And 
hence has resulted the prevailing opinion, that geologists in general have been 
hostile to the Bible ; — an opinion which may be refuted by an appeal to their 
writings. 

Prin. In order to obviate this objection to revelation, it is only 
necessary to show, that one or more modes exist, of reconciling the 
apparent discrepancy, which it would be more reasonable to adopt, 
than to infer any real collision between the twp records. Some 
of these modes of explanation will now be briefly described. 

1. Some theological (but no geological) writers maintain, that 
the fossiliferous rocks were not the result of slow deposition and 
consolidation ; but were created at once, with all their organio 
contents, just as wo now find them. 

Refutation. This is admitted to be possible; because God's 
power is infinite. But our only ground for judging as to the cause 
of any natural changes, is analogy : — and this is entirely opposed 
to the idea that rocks were thus produced ; and ever^ example 
that can be quoted of rocks in a course of formation, is m favor of 
their slow formation by second causes. 

2. Some maintain that the fossiliferous rocks were deposited by 
the deluge of Noah. 

Reftaation, 1. That deluge must have been for the most part 
violent and tumultuous in its action on the globe : for the ocean 
must have flowed over the land in strong currents ; and when it 
retired, urged on as it was by a wind, similar currents must have 
prevailed. But a large proportion of the rocks were evidently de- 
posited in quiet waters. 2. If deposited by that deluge, the ma- 
terials and entombed organic remains of the rooks ought to be 
confusedly mingled together ; whereas in both these respects they 
are actually arranged with great regularity into groups. 3. The 
period occupied by the Noachian deluge was vastly too short for 
the deposition of rocks seven miles in thickness, and with a great 
number of entire and distinct changes in their nature and organio 
contents. 4. The organic remains in the rocks do not correspond 
to the animals and plants now living on the globe. But this del* 
uge took place since the creation of the present races ; and, there- 
fore, by this hypothesis, they ought to be found in the rooks. 
Hence they were deposited before that event. 

3. gome suppose that the fossiliferous strata have besn da> 



948 DBLVOK or noah. 

posited in the intervtl of 1,600 years between the ideation of man 
aud the delnge. 

Refutation, 1. The time nnce the delnge has been twiee as 
loDg as 1,'600 years; bat the amount of aUuviam deposited has 
not been one-thousandth part as great as the whole fossiliferoos 
rocks. Henoe 1,600 years is yasUy too short a period for their 
deposition : since no reason can be ffiyen why Uie process of their 
formation was essentially more rapid before than after the deluge. 
2. By this hypothesis the sea and land must have changed places 
at the deluge ; in order to bring the fossiliferous rocks from the 
bottom of the sea. But geology renders it extremely probable 
that no interchange of this sort took place so recently. 3. On 
this hypothesis the orcanio remains ought to consist of species of 
the existing races, wiUi man among the number : unless we sup 
pose that several new and distinct creations of animals and plants 
nave taken place on the globe since man was placed upon it, none 
of which are mentioned by Mose& 4. There is the strongest evi- 
dence that the aioic as well as the fossiliferous rocks, have result- 
ed from secondary agencies ; that is, they ha\e existed in some 
previous form, b^ore assuming their present state. But these 
changes could not have taken place after the creation and multi- 
plication of man ; because to take away the axoic rocks is to itke 
away all terra Jlrtna on which he could have subsisted. 

4. Some regard the six days of the creation ^sailed itxe- demi- 
urgic days) in the Mosaic account as not literal aays of 24 hours, 
but periods of indefinite or unequal length, or as the representatives 
of indefinite periods. 

Rem. Three varietieB of opinioa are embraced in this theory, as above 
stated. 1. The more eommon supposition is, that the term day is here to be 
understood figuratively, as embracmga long period of time ; a mode of usiog 
the term that is frequent in all languages. 2. Some, as Bishop Horsley aud 
Professor Jameson, suggest that the revolution of the earth on its axis was 
at first " inconceivably slow,'' and that it did not acquire its present rate till 
the close of the fourth day ; so that the first four days vosl^ hare been of vast 
duration. Phihfophieal Magazine^ vol 47, p. 248 ; alw voL 46, p. 227. 
Still more recently this theory has been ably elucidated by Dr. Keith in hb 
Demonstration of Hie TnUk of Christianity^ p. 147. JPlrtit American Edi- 
tion^ 1839. 8. Others, as Hensler in Germany, and Professor Bush in this 
country, suppose that each of the six demiurgic days stands as the dosing 
day, or representative, of an indefinite number of days, which make up six 
periods of unknown and perhaps unequal length; during which geological 
processes might have been going on. American Biblical Repository^ vol 6, 
p. 236. Bushes Questions and S'otes upon the Book of Genests^ idei 

Arguments in favor of this Theory, 

1. The word day is often used in Scripture to express a period 
^ofindefinitelen^h,Bxgr.Luke, 17: 24.— John, 8 : 56. Job^U: 6, 
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&a 2. The san, moon, and stars were not created till the 
fourth day ; so that the reyolution of the earth on its axis in 24 
hours did not probably exist before that time ; and some other 
measure of time must have been adopted, which Moses tells us was 
light and darkness ; and how often these succeeded one another is 
not revealed ; <and therefore is unknown. 3. The seventh day, or 
the Sabbath, has not yet terminated ; and will not, until God 
shall resume the work of creation; that is, it will continue 
to the destruction of the world, and there is no reason why 
we ought not to regard the other demiurgic days as of at least 
equal length. 4. In order to reconcile the declarations of Scrip- 
ture with the discoveries of astronomy, it is necessary to depart as 
much from the literal meaning as this interpretation demands. 
5. This interpretation corresponds remarkably with the traditional 
cosmogonies of many heathen nations ; as the ancient Etruscans, 
and the Hindoos, who describe the demiurgic days as immense 
periods. 6. This theory is thought by Professor Jameson and 
others to develop a striking coincidence between the epochs of 
creation as described by Mos^s and by geologists. BakewelPs 
Geology^ p. 450. 

06^, 1. There is no evidence l^at the word day is used figura- 
tively in the first chapter of Genesis, as it is in all other places in 
Scripture, where it means an indefinite period, except perhaps 
Oen. 2:4. On the contrary, the Mosaic description of the crea- 
tion appears to be a very simple and perfectly literal history, 
adapted to the most uncidtivated minds. 2. In the fourth com- 
mandment (Exodus, 20 : 9, 10, 11) no one can doubt but the six 
days of labor and the Sabbath, spoken of in the 9th and 10th 
verses, are literal days. By what principle of interpreting lan- 
guage, can the same word in the next verse, where the creation is 
described, be understood to mean indefinite periods ? See a paral- 
lel passage. Exodus, 31: 17. 3. It seems from Gknesis, 2: 5, 
compared with Gen. I : 1 1, 12, that it had not rained on the earth 
till the third day. If the days were only of 24 hours, this would 
be very probable, but altogether absurd, if they were long periods. 
4. Such a meaning is forced and unnatural ; and therefore not to 
be adopted without a very urgent necessity. 5. By this theory, 
existing species of animals and plants ought to be found mixed 
with the extinct species in all the fossiliferous rocks : for. Moses 
describes only one creation of the different races. Now the fact 
that they are not thus mixed, shows that they could not have been 
oontemporaries. If, then, the Mosaic account includes the fossil 
species, it does not include the living species ; and if it embraces 
Uie latter, it cannot comprehend the former. It is hence inferred, 
that the Mosaic account embraces only existing races, and if this 
be admitted, there is no necessity of supposing the deB^iorgie day» 



850 1HX WORD DAT JJTSRAL. 

to be longer than literal ones. 6. If this theory be admitted, in 
stead of exhibiting comcidence between the Mosaic and the geo- 
logical account of the epochs of creation, it produces between them 
manitest discrepancy. For Moses describes yege tables to have 
been created on the third day, but animals not until the fifth. 
Heoce one half of the fossiliferous rocks, reckoning upwards, or 
those deposited during the first four days, ought to contain only 
vegetables. Whereas animals are found as deep in the rocks as 
vegetables. 7. The conclusion from all these statements is, that 
Hoses does not describe the fossil, but only the existing races of 
animals and plants ; and if so, there is no necessity for an exten- 
sion of his demiurgic days into long periods, in order to reconcile 
his account with geology. 

Bern, For a fuller exmniimtton of the preceding theory, see Faber's TVeatUe 
•fi the Patriarchal, Levitical, and Chriitian DiMtensationt : De Luc^t Letteri 
on the Fhgsieal Hietory of the Earth : Bakeweltn Geology, 2d American Ed, 
hy Prof, Silliman, p. 4S6 ; and the American Biblical Repository for Octo» 
her, 18S5. It ouglit perhaps to be remarked, that Faber, Tvho had advocated 
this theory with great ability, gave it op. Buckland'e Bridgewater TVeottM; 
ToL 1, p. 697. 2d £d. 1887. 

5. Some suppose that the Mosaic account is a pictorial repre- 
sentation of the successive productions of the different parts of 
creation, having truth for its foundation, yet not to be regarded as 
literally and exactly true. The terms employed, however, are to 
be understood in their literal sense. 

Illui, CoDceiTe of six separate pictures, showing the work in different 
•tages of its progress. '* And as the performance of the painter, (says Dr. 
Enapp,) though it must have natural truth for its foundation, must not be 
oonsioered or judged of as a delineation of mathematical or scientific aoeuracy, 
■o neither must this pictorial representation of the creation be r^^arded as 
literally and exactly true." Knapp^e Tfieologyy vol. 1, p. 864. 

Inf. Whether this interpretation of the Mosaic account be ad- 
missible, is a question of mere philology, and cannot be discussed 
in this place ; but admitting its correctness, it affords a solution 
for the apparent discrepancy between geology and revelation ; for 
when it is conceded that the earth may have existed a longer time 
than the usual interpretation of the Mosaic account allows, there 
is no reason why the time may not be indefinitely extended, which 
is all that geology requires. 

6. The theory of interpretation which is now the most exten- 
sively adopted among geologists, supposes that Moses merely states 
that God created the world in the beginning, without fixing the 
date of that beginning ; and that passing in silence an unknown 
period of its history, during which the extinct animals and plants 
found in the rocks might have lived and died, he describes only 
the present creation which took place in six literal days, less than 
6,000 yeari ago. 
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Arguments in favor of this theory vrith objections against it 
1. It is maintained by some able writers, such as Dathe, Doedei- 
lin, &o., in G-ermauy, Milton in England, and Prof. Bush in this 
country, that the language employed by Moses in the first chapter 
of Genesis, does not mean a creation of the world out of nothing ; 
but only a renovation, or re-modelling of previously existing mate- 
rials. Penteteuehus a Dathio^ p. 8. Doederlinii Theologia^ p. 
485. Bushes Questions and Notes on Genesis. Such writers of 
course admit the existence of the globe during an indefinite period 
before the six demiurgic days. The arguments for their opinions 
may be found in their works above referred to. See, also, Ameri- 
can Biblical Repository, Oct. 1835, p. 280. 2. The phrase, in the 
beginnings is certainly indefinite as to time, and therefore Moses 
in Genesis does not fix the time of the original creation, even if 
we admit that he does describe that event; and therefore, it is 
doing no violence to his language^ to admit this long intervening 
period between the creation of the universe and of man. If it be 
said, that in the fourth commandment Moses does declare the cre- 
ation of the world out of nothing to have been contemporaneous 
with the first demiurgic day, it may be replied, that when a writer 
describes an event more than once, his briefer description is to be 
explained by his more extended account ; so that the fourth com- 
mandment is to be explained by the fuller description in Genesis, 
of the same event. 3. This view of the first chapter in Genesis 
has been adopted in its essence by many distinguished Christian 
writers, long before the existence of geology as a science ; as, for 
example, by Augustine, Theodoret, &«., in ancient times; and by 
Rosenmuller senior, Bishop Patrick, &/C., in modern times. 4. If 
such an interval be admitted, it is sufficient entirely to reconcile 
the scriptural and geological accounts; because, during that period, 
all the fossiliferous rocks except the alluvial, might have been 
formed. 5. Astronomy shows us that probably other worlds are 
now undergoing slowly the process of preparation for habitable 
globes, in a manner analogous to that which is supposed to have 
taken place in the materials of the earth, anter! ^r to the demiurgio 
days. And thus we obtain a glimpse of a general principle in 
the universe. 6. If it be objected that aocordmg to Moses, the 
sun, moon, and stars were not created till the fourth day, it may 
be replied that a more just interpretation of his language shows 
his meaning to be, not that the heavenly bodies were created on 
the fourth day, but that they were then first appointed to serve 
their present offices ; and that they might have been in existence 
through countless ages. 

7. In his able and most interesting work. On the Jlelatian 
betipeen the Holy Scriptures and some parts of Geological Science^ 
Pr. Joha Pye Sw^k^ lately the head of a Theological JliostitatiQn 
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at Homerton, near London, and who ia distingaished for 
knowledge of theology, biblioal philology, and geology, has pro- 
posed aoch an addition to the interpretation of Genesis jost ex- 
plained, as in het to form a new method of reeoneiling geology 
and rerelation. His principal positions are the following: — 1. 
The first Terse of Genesis deaeribes the creation of the matter of 
the whole nniTcrse, jHrobably in the state of i^re elements, at 
some indefinite epoch in past eternity. 2. The term earth, as used 
In the snbseqnent Terses of Genesis desmbing the work of six 
days, was '* designed to enress the part of onr world which God 
was adapting for the dwelling of man and the animals connected 
with him." 3. The narratiTC of the six days' work is '* a descrip- 
tion in expressions adapted to the ideas and capacities of mankind 
in the earliest aces, of a series of operations, by which the Being 
of omnipotent wisdom and goodness adjusted and finished not the 
earth generally, bat as the particnlar snbject nnder consideration 
here, a portion of its snrface for most giorions purposes. This 
portion of the earth I conoeiye to haTe been a large part of Asia 
lyinff between the Oancasian ridge, the Caspian S^, and Tartary, 
on the north, the Persian and Indian Seas on the south, and tl» 
high mountain ridges which run at considerable distances, on the 
eastern and western fiank." P. 285, London Ed. ^' 3. This re- 
gion was first by atmospheric and geological causes of previous 
J ration under the will of the Almighty, brought into a condition 
Buperfieial ruin, or some land of general disorder.", ProbaUy 
by TOlcanic agency it was submerged, covered with fogs and cloud^ 
and snbsequenUy elevated, and tiie atmosphere by the fourth day 
rendered pellucid. 4. The sun, moon, and stars w^e not ereated 
on the fourth day ; but then " made, constituted, or appointed, to 
be luminaries." 5. The Noadiian deluge was limited to that part 
of the world occupied by the human race, and therefore we ought 
not to expect that any traces of it on the globe can now be distin- 
guished from those of previous and analogous deluges. 

JUm» It is impoMible in this place to preient even a summary of tlie pow- 
erful reasooing and aoenrate erudition by whiofa Dr. Smith sustains the 
above positions in bis Leetures. The eyidenoe in fiiyor of several of them 
has already been exhibited ; and I shall merely state the two leading princi- 
ples by which he supports what is peculiar in his system. 

Froof. 1. In the description of tiie Divine Character and of 
natural phenomena, the sacred writers use language accommodated 
to the knowledge that existed among the people whcm they ad- 
dressed, and conformed to their notions of the universe. Hence, 
when they wished to speak of the universe to the Jews, they called 
it the heavens and the earth. But when they spoke of the earth 
only, we are not to suppose that they used the term in an astro- 
Bomieal sensey but to te^;nate that luttited pari of tl wUdh i^is 
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inliabited. For this was all the idea which the mind of the Jew 
attached to it since he knew nothing of the earth beyond those 
limits. Hence the six days* work of creation may have been lim- 
ited to a small part of the earth's actual snr&ce. 2. This view 
corresponds to the fact that there appear to have been numerous 
centres of creation ; both of animals and plants, instead of one spot 
from which all proceeded. 3. Also with the fact that a consider- 
able number of species of animals and plants, which were created 
much earlier than man, as their remains in the tertiary strata 
show — still suryive, and do not appear to have perished sinee their 
first creation. 4. Uniyersal terms are often used (in Scripture) to 
signify only a very large amount in number or quantity ; as, for 
instance, all the earth came to Eg^pt to buy from Joseph ; for the 
famine toas extreme in all the earth. Hence the terms descrip* 
tiye of the deluge may not haye literally embraced the whole earth, 
but haye included only the earth then inhabited. 

Rem, The ablest illustration and defence of the preceding the- 
ory of reconciliation which I haye seen, is contained in a small 
work republished in 1853 by Phillips, Sampson & Oo. of Boston, 
entitled, <^ Genesis and Gedogy^'^ by Denis Orofton, Esq., of Dub- 
lin in Ireland. 

8. Some contend that eyen if all the methods of reconciling the 
two records that haye been described, should be regarded by any 
as unsatisfactory, it would be premature, in the present state of 
geology and of sacred philology, to infer any real discrepancy be- 
tween them, and especially to infer that the sacred historian is in 
error. 

Proof. 1. Because the rapid progress of geological discoyery, 
and the not unfrequent changes of opinion among geologists on 
important points, show us that possibly more light may yet come 
from that quarter. 2. Because the exeffesis of the first chapter 
of Genesis cannot by any means be regarded ^^ settied ; in proof 
of which it is only necessary to refer to the great diyersity of opin- 
ion, on many parts of this chapter, yet to be found among yery 
able commentators. Hence we may hope for new light from tJiis 
quarter. 3. Other apparent discrepancies betwe^ science and 
reyelation, eyen more striking than that aboye examined between 
geology and reyelation, haye disappeared when the subjects were 
better understood. For instance, the doctrine introduced by the 
astronomers 200 years ago, that the earth reyolyes on its axis, and 
that the heayenly bodies do not actually rise and set, seemed to 
the most acute and learned theologians of those times, to be in 
point blank opposition to the Bible, which declares that the sun 
ariseth and goeth down^ and that God laid the foundation of the 
earth that it should not be removed forever. They tABofeft the 
earth to be at rest, and saw the heayens in motion ; so that thia 
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new doetrme of the Gopernioau system was opposed, not only to 
the Bible, but to the senses. Yet who now suspects any collision 
between sstronomj and revelation ? How premature, then, to infer 
from a less striking apparent discrepancy between geology and the 
Bible, that any real opposition exists 1 

Second Supposed Discrepancy, 

Deser. The ffeneral interpretation of the Bible has been, that 
until the fall of man, death did not exist in the world even among 
the inferior animals. For the Bible asserts that by man came 
deaths (1 Cor, 15 : 21,) and by one man sin entered into the toorld 
and death by sin, {Rom. 5 : 12.) But Geology teaches us that 
myriads of animals lived and died before the creation of man. 

Solution of the difficulty. Admitting that geology does show 
that violent and painful death was in the world before the fall of 
man, the following snggestions furnish a plausible reconciliation 
of the supposed difficulty. 

I. Not only geology, but soology and comparative anatomy, 
teaoh us that death among the inferior animals did not result from 
the fall of man, but from the original constitution given them by 
their Creator. One largo class of animals, the carnivorous, have 
organs expressly intended for destroying other classes for food. 
Nor will it avoid the difficulty to suppose, as some have done, 
(although obviously in the face of the plain meaning of the first 
chapter of Genesis,) that carnivorous animals were not created till 
the time of the deluge. For other animals must have lived on 
vegetables, and in doing this, they must have destroyed a multi- 
tude of minute insects, of which several species inhabit almost 
every species of plant. Much more difficult would it have been, 
to avoid destroying millions of animalcula, which abound in many 
of the fluids which animals drink, and even in the air which they 
breathe. Still farther, throughout the whole range of organic na- 
ture, vegetable as well as animal, decay and dissolution are inevi- 
table after a longer or a shorter period. In this respect, the 
human system is constituted just like all other organic natures. So 
that death appears to be a universal law of organic being, as it ex- 
ists on earth. Moreover, without miraculous interference for pro- 
tection, or an entire change of the present laws of nature, animals 
must have been exposed to occasional violent disorganization : as, 
for instance, from the falling of heavy bodies upon them ; or from 
the shock of projectiles ; even though there were no tendency in 
their natures to dissolution. In short, death could not* be ex- 
cluded from the world, without an entire change in the constitution 
and course of nature ; and such a change we have no reason to 
suppose, from the Mosaic account, took place when man felL 
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2. But God could remove any race of animals, say man, out of the 
world, and introduce them into another state, without violence, 
disease, or sufiaring; and make the change, in fact, like many 
changes in life, a pleasant one ; free from those concomitants which 
now indeed constitute death. He has already removed a few from 
the world in this manner, as Enoch and Elijah ; and the Bible 
informs us that those who remain alive at the second coming of 
Christ, will in a similar manner be translated and not die. (1 Cor. 
15 : 51, 52.) This probably would have been the happy lot of all 
mankind, if they had not sinned. That they could not have con- 
tinued on earth indefinitely, is certain : provided the present laws 
of their multiplication were not suspended : because the world ere 
long would have been filled. 3. The threatening of death to Adam 
for disobedience, seems to imply a knowledge on his part, of what 
deat^ was, that is, he had seen it among the inferior animals ; for 
it would be a strange legislation, that imposed a penalty of which 
those under the law could form no idea. 4. The two most striking 
passages of scripture, respecting the introduction of death into the 
world, have been already quoted. In regard to that from Romans, 
5 : 12, ^ one man sin entered into the world, and death by sin^ 
the conclusion of the sentence, — arui so death passed upon aUmen^ 
for that all have sinned, — shows that its meaning must be limited 
to the human race. For it says not that death passed upon all 
animals, but upon all men, and because all had sinned, an act of 
which the inferior animals, destitute of moral natures, are not ca- 
pable. In like manner, the passage from 1 Cor. 15 : 21, For since 
by man came death, is limited to the human race by the concluding 
part of the verse : by man came also the resurrection of the dead. 
For the object here is to draw a contrast between Adam and 
Christ, as to their influence upon the human family. If the infe- 
rior animals are included, then they must not only share in the 
resurrection, but be interested in the redemption by Christ 5. 
Able writers on the Bible have adopted these views in regard to 
the nature and extent of death, long before geology was known as 
a science. To quote only Jeremy Taylor, " That death," says he, 
'^ which God threatened to Adam, and which passed upon his pos- 
terity, is not the going out of this world, but the manner of going. 
If he had stayed in innocence, he should have gone hence placidly 
and fairly, without vexatious and afflictive circumstances, he should 
not have died by sickness, misfortune, defect, or unwillingness, but 
when he fell he began to die," &c. Holy Dying, p. 295. Am- 
herst Ed. 1831. 

Second Answer to the Objection. The view that seems most sat- 
isfactorily to explain this subject, supposes that G-od, in view of 
the certainty of man's transgressions, adapted the world before- 
hand to a fallea creature, who must die. It could not be adapted 
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teth to mortal and immortal Datares, and sinoe mn and deat& an 
probably inseparable, it most be fitted to the character of the for- 
mer. And aa to the inferior animals, existence would be a bless- 
ing CTen though death awaited them ; as we have endeavored else- 
where to show. J>eath, then, was introdaoed into the world as a 
prospective result of man's apostasy ; and the present tiieory has 
this advantage, that it fidls in with the common opinion, dmved 
from the Blue, that all the misery, disorder, and suffering, of the 
present world, are the fruit of human transgressions; or, in the 
language of Scripture, the ufhole creation groaneth and travaUdk 
together in pain until now. 

General Ihferences. The preceding statements show vm^frti^ 
that the coincidences between geology and revelation, upon points 
where we might reasonably expect collinon, if both the recwds 
were not essentially true, are much more numerous than the ap 
jarent discrepancies, and therefore the presumption is, Uiat no 
-eal disagreement exists. SeomuUy^ it spears that there are 
«veral modes of reconciling the few apparent discrepancies, which, 
»n general principles, it would be fSur more reasonaUe to adopts 
bhan to innr any real discrepancy between the two records. 
J%irdljf^ it appears that geology ought to be recarded as a new 
means of illustrating, instead of opposbg, revdation; since it 
leads us to understand certain passages, which had before been 
misinterpreted ; just as astronomy did in reqMct to the heavenly 
bodies. Finally^ it appears that the illustrations of natural re- 
ligion from gooiogy, are more numerous and important than from 
any other, and perhaps all other sciences. 
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8B0TION X. 

THB mSTOBT OF OBOLOaV. 

Prin. Geology is eminently an inductive science. Now, it is 
onlv within the last half century, that sufficient fiicts had been 
collected to make any important correct inferences respeetxbg the 
causes of geological change. Hence, ail the speculations of phi- 
losophers previous to that time, on this subject, must have been 
mere hypothesis; sometimes indeed displaying great ingenuity, 
and approximating closely to the truth, but more commonly so 
extravagant as to oe the butt of ridicule. 

Prin. Geology is likewise dependent upon an advanced and ac- 
curate knowledge of chemistry, botany, and io3logy; such a 
knowledge as has been attained only withm the ImA half century. 
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On ibis ftoeoant also, all prerious speculations on geology mnst 
have been crnde and fancinil. 

Inf, 1. Hence the earlier hm>tlie8e8 on cosmogony, which have 
been so long the subject of ridicale, ought not to be connected 
with the science of geology, as they have long been, to its reproach. 

Inf, 2. Hence the history of the early hypotheses, usually called 
Theories of the Earth, is of little importance in its bearing upon 
the science of geology ; though highly amusing and instructive, as 
iUnstratine the struggles of the human mind after the truth. A 
brief sket& only will, therefore, be here given of these hypotheses. 

Descr. One of the most prevalent opinions among ancient phi- 
losophers, and which constituted a fundamental principle in their 
cosmogonies, supposes the world to have been subject to successive 
destructions and renovations by fire and water. The Grecian 
philosophers, who derived their notions from the Egyptian, de* 
nominated those catastrophes the Cataclysm^ or deluge ; and the 
ScpyrosiSj or destruction by fire. The interval between these 
changes was variously estimated from 120,000 to 360,000 years. 

Descr. Pythagoras entertained very accurate notions respecting 
the operation of existing causes of geological change on the globe ; 
such as the changes of sea into dry land, and the reverse, the for- 
mation of deltas and other alluvial deposits ; and the formation 
of islands by the action of oceanic currents. In fact, this phi« 
losopher approximated as nearly to the modem views of geologists 
on these subjects, as he did to those of modem astronomers re- 
specting the heavenly bodies. 

Deser, We find Strabo, the geographer, explaining the manner 
in which fossil marine shells were brought into their situation 
upon the dry land, in a manner that would do no discredit to a 
modem geologist He supposes them deposited originally at the 
bottom of the ocean, whose bed was subsequently elevated by 
earthquakes and volcanic agency. 

Descr. In modem times, alter the dark ages, science began first 
to be revived among the Arabians. Even as early as tiie tenth 
oentury, some of their writers, as Avicenna and Omar, produced 
some works on mineralogy and geology, which were not without 
considerable merit. 

Descr. Amon|| Christian nations, geological Cuts first bM|;aa to 
excite attention In Italy, in the early part of the sixteenth cen- 
tury. Two questions were stated r^i>eeting orsanic remains: 
first, whether they ever belonged to living animals and plants: 
secondly, if the aflirmative of this question be admitted, whether 
the petrifiiction and situatiim of these remains could' be explained 
by the deluge ci Noah. 

Descr. These Questions occupied the learned world fornearly 
300 years. At the wmmmMmmA of . Iha co iitro f t wy in Ila^ Ml 



tM Bomn or the vallen angels. 

1517, Fraoastoro maintained^ in the true spirit of the geology of 
the present day, that fossil idiells all once belonged to living ani- 
mals, and that the Noachian deluge was too transient an event to 
explain the phenomena of their fossilization. But Mattioli re- 
garded them as the result of the operation of a certain materia 
piftguisy or " fatty matter," fermented by heat. Fallopio, Pro- 
fessor of Anatomy, supposes that they acquire their forms in some 
oases, by " the tumultuous movements of terrestrial exhalations ;" 
and that the tusks of elephants were mere earthy concretions. 
Mercati conceived that their peculiar configuration was derived 
from the influence of the heavenly bodies ; while Olivi regarded 
them as mere " sports of nature." Felix Plater, Professor of Anat- 
omy at Basil, in 1517, referred the bones of an elephant, found 
at Lucerne, to a giant at least 19 feet high; and in England 
similar bones were regarded as those of the fallen angels 1 

Descr, At the beginning of the 18th century, numerous theolo- 
gians in England, France, Germany, and Italy, engaged eagerly in 
the controversy respecting organic remains. The point which 
they discussed with the greatest zeal, was the connection of fossils 
with the deluge of Noah. That these were all deposited by that 
event, was for more than a century the prevailing doctrine, which 
was maintained with great assurance ; and a denial of it regarded 
as nearly equivalent to a denial of the whole Bible. 

Descr, The question also, whether fossils ever had an animated 
existence, was discussed in England till near the close of the 17th 
century. In 1677, Dr. Plot attributed their origin to '^ a plastic 
virtue latent in the earth." Scheuchzer in Italy however, in ridi- 
cule of this opinion, published a work entitled, Quenda Pisdum ; 
or the Complaints of the Fishes ; in which those animals are 
made to remonstrate with great earnestness that they are denied 
an animated existence. 

Descr. Such discussions, however, tended to lead men to the 
collection of facts; and in 1678, we find Lester publishing an ac- 
curate account of British shells, to which were added the fossil 
species, under the name, however, of turbinated and bivalve stones. 
He also first proposed the construction of regular geological maps. 

Descr. In 1680 the distinguished mathematician Leibnitz pub- 
lished his << Protogaea ;" in which he developed a theory of the 
formation of the earth, and of subsequent changes in its crust, 
almost exactly like that which is now so widely adopted among 
geologists under the name of the igneous theory. 

Descr. In the posthumous works of Robert Hooke, an English 
physician, published in 1668, are many views much in advance of 
Lis time, respecting geological changes and phenomena; especially 
ireq^ting earthquakes and organic remains ; which he maintains 
iioiu4 not have l)ean piK)daced by the Noachian delu|^. 
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Descr. The famous naturalist, Bay, who published in 1692, had 
similar views with Hooke ; but he made improvements upon his 
predecessor ; especially in describing the effects of aqueous agen- 
cies in modifying the earth^s surface. 

Descr. In most of the theories of the earth, however, that ap- 
peared in England in the latter part of the 17th and the first part 
of the 18th century, a strong determination is manifested to con- 
x>ect geology with theology. This gave rise to what has been 
called the Physico-Theological School of writers. In 1690, Thomas 
Burnet published a visionary work, entitled " The Sacred Theory of 
the Earth ; containing an account of the Original of the Earth, 
and all the general changes which it hath already undergone, or is 
to undergo, till the consummation of all things. '' This being 
written in an elegant style, attracted no little attention. About 
the same time. Woodward, a Professor in Medicine, published a 
theory of the earth, in which he maintained that ^^ the whole ter- 
restrial globe was taken to pieces and dissolved at the flood, and 
that the strata settled down from this promiscuous mass, as an 
earthy sediment, from a fluid." In 1724, his disciple, Hutchinson, 
came out with the first part of his " Moses's Principia;" in which 
he attacked the theory of his master, as well as Newton's theory 
of gravitation; and ];ie and his numerous followers maintained, 
that the Scriptures, when rightly understood, contain a perfect 
system of natural philosophy. This was the dogma which chiefly 
distinguished the Hutchinsonian, or Physico-Theological school ; 
and its pernicious influence on the cause of religion and learning 
has scarcely yet ceased. 

Descr, The Italian geologists, who were contemporaries of these 
English cosmogonist% were far more rational in their views. 
They devoted themselves with considerable success to an examina- 
tion of geological phenomena, and rejected the visionary notions 
of the English. The writings of Yallisneri, Moro, Generelli, 
Donati, Targiona, &c., discover a good deal of industry in observa- 
tion and acuteness in reasoning. 

Descr. In 1749, Buffon the French naturalist, produced an ele- 
gantly-written hypothesis upon the formation of the earth, based 
chiefly upon the views of Leibnitz already explained. Some of his 
views gave offence to the Faculty of Theology at Paris ; and he 
was compelled, like Galileo, to retract opinions, which at this day 
are maintained by geologists, with no suspicion that they contra- 
dict the Scriptures. 

Descr. About the middle of the 18th century, some valuable 
works were produced by Lehman, a German mineralogist, by the 
botanist Gesner of Zurich, and by Mitchell an Englishman, on 
earthquakes. About the same time, appeared the work of Catcott 
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Wk ibe Delnge ; and although of the ph jrioo-theologieal achooly he 
gaye some Taliiable faets relating to diliiTial ourrents. 

Deter, Numerous other writers oo geology, towards the close 
of the 18th oentnry, mi|fat be named. But Pallas and Saussare 
wore the most distinguished. The former examined the moan- 
tains of Siberia, and pointed oat the order in which the rocks 
there ooonr. The latter spent most of his time in stndying the 
nakure of the Alps, and proTided valaable materials for his suc- 
cessors. 

De9cr, In Germany, France, and Hungary, schools have long 
existed for giving instruction in the art of mining. In 1775, 
Werner was appointed professor in one of these institutions, at 
Freyburg, in Saxony ; and in his lectures he attempted certain 
generalisations in regard to the position and origin of rocks, that 
were very extensively adopted, and for a long time excited much 
controversy. He supposes that all rocks, tiie unstratified as well 
as the stratified, were deposited by water ; and that originally 
every formation was universal on the globe ; and that veins were 
filled by matter introduced from above, in aqueous solution. On 
account of his referring all deposits to the agency of water, his 
views were denominated the Neptunian Theory. 

Descr. Nearly at the same time, a Scotch«geologist by the name 
of Button, published a Theory of the Earth, opposed in most re- 
spects to the doctrines of Werner. He supposes that the rocks 
which form our present continents were derived from the ruins of 
former continents ; which were ahraded and carried into the sea 
hy the agency of running water ; just as the same agency is now 
spreading over the bottom of the ocean, deposits of mud, sand, and 
gravel. Afterwards the unstratified rocks, in a melted state, were 
protruded through these deposits, by which they were consolidated, 
rendered more or less crystalline, and elevated into their present 
condition. Many of the fissures also, were filled with metallic and 
other matter, injected from beneath. When our present conti- 
nents are nearly all worn down, Hutton supposes this process of 
consolidation and elevation may be repeated. Indeed, in these 
changes he sees ^ no traces of a beginning, no prospect of an end." 
Professor Playfoir, however, in his illustration of this theory, en- 
deavors to show that Hutton did not mean hy such language that 
the world is eternal ; hut only that geology, uke astronomy, does 
not dUselose to us the time when this series of changes com- 
menced. 

Deicr, These rival hypotheses excited a mat deal of discus- 
sion, both on the European continent and in England, for a great 
number of years. The final result is, that the theory of Werner 
has been almost universally abandoned ; especially so for as the 
*-- ^^ "" roeka are conowned : iHnle that of -HuttoOy denomiiml*' 
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ed also the Plutonian theory, has, in its essential prinoiples, been 
adopted by most geologists of the present day. 

Descr, Daring these <flscassions between the Neptunists and 
Plutonists, a humble individual in England, Mr. William Smith, 
was accomplishing more for geology than all its learned professors. 
He explored the whole of England on foot ; and in 1790, published 
a " Tabular View of the British Strata," in which he classified the 
secondary rocks ; and although not acquainted with Werner's ar- 
rangement, he proposed essentially the same order of superposition 
among the rocks as that geologist. He also ascertained that strata, 
somewhat remote from one another, could be identified by their 
organic remaina By extraordinary perseverance, he was able, in 
1815, to publish a geological map of the whole of England. 

Descr, One important effect of excessive theorizing, was to pro- 
duce an almost universal scepticism in unprejudiced philosophical 
minds in respect to all geological hypotheses ; and to make them 
feel the importance of amassing facts. Out of these feelings grew 
the London Geological Society, which was founded in 1807; and 
which has contributed more than any other public institution to 
advance the science. This Society selected a sentence for their 
motto, from the Novum Organum of Lord Bacon, which invites 
" those to join them as the true sons of science, who have a desire, 
and a determination, not so much to adhere to things already dis- 
covered, and to use them, as to push forward to farther discov- 
eries ; and to conquer nature, not by disputing an adversary, but 
by labor ; and who, finally, do not indulge in beautiful and proba- 
ble speculation, but endeavor to attain certainty in their knowl- 
edge." 

Descr: The example thus set in England has been followed in 
nearly every part of the civilized world ; and geological societies, 
both local and national, have been formed in so great numbers, 
that even their names cannot here be given. The London Ge- 
ological Society has already produced thirteen quarto volumes 
of transactions. Many of the ablest philosophers of the age have 
devoted themselves to geological researches ; and have applied the 
principles of induction with great success ; so that probably no 
other science has made so rapid advances within the last half cen^ 
tury, as geology. Very numerous geological collections have been 
formed in almost every part of the civilized world: accurate geo- 
logical maps have been constructed of nearly all Europe and the 
United States; and in 1843 the Geological Society of Prance pub- 
lished a general geological map of the whole globe ; showing the 
leading formations over nearly the whole of its surface. This 
map, however, is in part theoretical. 

Descr, The rapid progress of the collateral branches of science, 
and their sucoessftd application to palaeontology, are to be regarded 

16 
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M among the mogl importaiii means bj which geology has been 
thus rapidly advanced. The most important application of this 
sort was that of comparative anatomy»*to deteimino the <^rae- 
ter of organic remains, by the Baron Gavier, in his great work en- 
tiUed Ossemens IhssileSy 4^., in seven qnarto volumes, first pub- 
lished in 1812. Numerous soocessfnl applications have also been 
made of the discoveries in the various departments of zoology and 
botany, to the same object; the result of which has been, the great 
works of Gbldfuss, Sowerby, Bronn, &c., on petrified molluscs, zo- 
ophytes, ^. ; that of Agassis on fossil fishes ; those of Adolphe 
Brongniart and of Lindley and Button, on fossil plants, and those 
of Owen on British fossil reptiles and mammalia, on the Dinomis, 
and other papers too numerous to mention. The splendid work 
of Guvier and Alexander Brongniart, " on the mineral geography 
and organic remains of the neighborhood of Paris," published in 
181 1, constituted an era in ^logy ; because it directed the atten- 
tion of ffeolo^ts to the tertiary strata, from which they have since 
gatherea so rich a harvest 

Deter. The present state of facts and theories in geology may be 
learnt from the preceding pages. Yery many of the principles 
which are now regarded as belongmg to the science, may be con- 
ddered as settled, as much as they are in most physical scimices ; 
though some of them may doubtless experience slight modifications. 
A few points of importance yet remain in a great measure unset- 
tled. J?erhaps on no one is there more divwsity of opinion than 
concerning dUuvial action. Indeed, the whole history of 0|Hnioiis 
on this subject is very instructive. When the subject was first 
discussed, as much as 300 years ago, it was assumed as a most un- 
questionable &ct, that whatever marks of a deluge any part of the 
earth's surface exhibited, or even of the former presence of the 
ocean on the land, all must be referred to the deluge of Noah. 
Nay, it was soon maintained that the whole solid frame-work of 
the globe was dissolved and re-deposited by the diluvial waters. 
One after another have these extravagancies of hypothesis been 
^ven up, and nearly all geologists have come to the conclusicm, 
uiough without denying the occurrence of the Noachian deluge, 
that no certain marks of that event are now to be discovered on 
the globe. Nay, the question now is, whether there is any evi- 
dence of the occurrence of a general fiood at any epoch. Not a 
few believe that no such evidence exists ; while those who admit 
of a general deluge, for the most part, regard it as having taken 
place anterior to man's existence on the globe. It is now gener- 
ally admitted also, that ice, in the form of glaciers and icebergs, 
has been a most important agent in producing the phenomena of 
drift. After centuries of discussion, it is tSao beginning to be 
found out, that the facts are yet very imperfectly known \ and to 
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m examixtation of these, geologists are now deroting great attm^ 
tion. 

JDescr, In American miEkeralogj and geology, almost literally 
nothing had been done at the commoneement of the nineteenth 
century. A few individuals, indeed, among whom may be men- 
tioned Dr. Seybert of Philadelphia, Dr. S. L. Mitchell of New 
York, and Br. B. Waterhouse of Harvard University, had com- 
menced rather earlier than this, to make collections, and to call the 
public mind to these subjects. But the return of Mr. B. D. Per- 
kins and of Dr. A. Bruce from JBurope, in 1802 and 1803, with 
beautiful collections, and of Col. Gibbs, in 1805, with his splendid 
cabinet, began to awaken more interest ; so that ere long courses 
of lectures upon them were introduced into several of our colleges. 
In 1807 William Maclure returned from Europe, and commenced, 
single-handed, the Herculean task of exploring the geology of the 
United States; and after several years of labor, during which he 
crossed the Alleghany range of mountains at different places not 
less than fifty tunes, he actually produced a geological map of this 
whole country ; which, though it gives only the Wernerian classes 
of rocks, forms a most valuable outline, and is a monument of 
great industry and perseverance. In 1810 Dr. Brace commenced 
his Mineralogioal Journal, the first scientific journal ever under- 
taken in this country. But though ably commenced, it reached 
only the fourth number, in consequence of the sickness and death 
of its editor. In 1818 Professor Silliman, who had long been 
among the most distinguished and successful pioneers and teachers 
of these sciences, commenced the American Journal of Science ; a 
work which has been continued, often at great personal and pecu- 
niary sacrifices on the part of its editor, till it has now completed 
its 66th volume ; and which has been a most efficient means of 
promoting, not bnly mineralogy and geology, but all the physical 
sciences in the United States. In this connection, the valuable 
Elementary Treatise on Mineralogy and Geology by Professor 
Cleveland, another of the early and distinguiedied cultivators of 
those sciences in this country, ought to be mentioned. It was 
published in 1816; and for along time continued to be almost Uie 
only American work on these subjects of any importanee. Since 
it was out of print, the able works of Professors Shepard and 
Dana, and Mr. AJger, on Mineralogy, have taken its place. 

Descr, In 1818, the American Geological Society was organised. 
But it has never accomplished much for the science ; not having 
published any separate volume of transactions. The Academy of 
Natural Sciences at Philadelphia, the Lyceum of Natural History 
at New York, and the American Academy of Arts and Sciences at 
Boston, have from time to time given valuable papers in their 
transactions on mineralogy and geology ; while several societies id 
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more reoent organisation, Init limited to particular distriots of 
oountry, have been still more devoted to these subjects. The want 
of a general organisation for the whole country, had long been felt 
to be a most powerful obstacle to the progress of geology ; and in 
April, 1 840, those gentlemen who are eng^ed in the State surveys, 
met in Philadelphia, and formed themselves into the Association 
of Atnerican Geologists. Their second annual meeting was held 
in the same city on the first Monday of April, 1841 ; its third meet- 
ing in Boston, in 1 842, when it took the more comprehensive name 
of the American Association of Geologists and Naturalists ; its 
fourth in Albany, in 1843; its fifth in Washington, in 1844; its 
sixth in New Haven, in 1845; its seventh in New York, in 1846; 
and its eighth in Boston, 1847. In 1848 it met in Philadelphia, 
and was again enlarged so as to embrace all the sciences, and took 
the name of the American Association for the Advancement of 
Science. In 1849 it met at Cambridge, Massachusetts; in 1850, 
both at New Haven, Ct, and Charleston, §. C. ; in 1851, at Cin- 
oinnati and Albany; in 1852, there was no meeting, on account of 
the prevalenoe of cholera; in 1853 it met at Cleveland, Ohio. In 
1843 it published its first volume of TransactionSy since which 
time it has brought out simply a volume of Proceedings annually, 
giving, like those of the British Association, an abstract of the pa- 
pers presented. The presiding officers at the several meetings have 
oeen as follows: — 1840, Edward Hitchcock; 1841, Benjamin Sil- 
liman; 1842, Samuel G-. Morton; 1843, Henry D. Rogers; 1844, 
John Locke; 1845, William B. Rogers; 1846, Charles T. Jack- 
son; 1847, Amos Binney (W. B. Rogers presided, as Dr. Binney 
died before the meeting); 1848, William C. Redfield; 1849, Jo- 
seph Henry; 1850, A. D. Bache; 1851, Louis Agassis and A. D. 
Bache; 1853, Benjamin Pierce. 

Descr. An important feature in the history of American geol- 
ogy, is the numerous geological surveys that have been executed, 
or are still ih progress, under the patronage and direction of the 
State authorities, as well as the United States Government. The 
leading object of these surveys is to develop those mineral re- 
sources of the country that are of economical value. But with a 
commendable liberality, the Legislatures have encouraged accurate 
researches into the scientific geology, and sometimes also into the 
botany and soology of the several States. So numerous have these 
surveys become, that I may not be able to give in all cases their 
entire history up to the present time ; but since they constitute an 
important era nn our geology, I shall give all the useful facts 
within my reach. 

Descr, The first survey authorized by the government of a State, 
was that of North Carolina ; which was committed to Professor 
Olmsted, who made a valuable report, in two parts, the first in 
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1824, and the second in 1825 ; in which the economical geology of 
a considerable part of the State was given in a pamphlet of 141 
pages. In 1842 Professor E. Mitchell published a work on G-e- 
ology, embracing an account of that of North Carolina, with a ge- 
ological map of the State. More recently Professor Emmons was 
appointed to survey North Carolina, and is now (1853) prosecuting 
the work It would not be strange if this should be found the 
richest State in the Union in mineral treasures, especially in gold 
and copper. 

Descr. The year following, South Carolina gave a similar com- 
mission to Professor Yanuzem, whose report was published only 
in the newspapers. Much later M. Tuomey was appointed to sur- 
vey South Carolina, and in 1848 he published a Report in quarto 
of 350 pages, with sections and a geological map. 

Descr, The survey of Massachusetts was proposed by G-ov. Lin- 
coln in 1830, and commenced the same year by the author of this 
work. The first Report on the Economical Geology of the State 
was made in 1822, in'U pamphlet of 70 pages. In 1833 a full re- 
port on the whole subject was made, in a volume of 702 pages, 
with an atlas of plates and a geological map ; of which a second 
edition was directed to be printed in 1834. In 1837, on recom- 
mendation of Governor Everett, a further examination of some 
parts of the geology of the State was ordered; and in 1838 a re- 
port of this re-examination, embracing only the economical geol- 
ogy, was made in a pamphlet of 139 pages. The final report was 
published in two quarto volumes of 300 and 544 pages, with 56 
plates and 282 wood cuts, in 1841. The report of 1833 embraced 
also the zoolo^ and botany of the State ; and when the re-exam- 
ination was ordered, these departments were committed to Profes- 
sors Dewey and Emmons, Rev. W. O. B. Peabody, Drs. Harris, 
Gould, and Storer, and George B. Emerson, Esq., all of whom 
have made extended reports. 

Descr. Tennessee was only two or three years later than Massa- 
chusetts in commencing a geological survey under the superintend- 
ence of Professor Troost. In 1845 he had made eight annual 
reports, the three last of which were pamphlets of 32, 37, and 75 
pages ; with a geological map of the whole State in that of 1839. 

Descr, In 1834 Professor Bucatel was directed to make a Recon 
noissance of the State of Maryland ; and his report the next year 
was a pamphlet of 38 pages. This survey embraces the topogra- 
phy ; of which Professor Alexander has charge. Seven annual re- 
ports in addition to the reoonnoissanoe have been made by Prof 
Ducatel, about 50 pages each, with maps and sections. 

Descr, G. W. Featherstonhaugh, in 1834, received a commission 
from the government of the United States, to examine geologically 
^< the territory of Arkansas and the adjacent public lands." His 
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first report of 97 pagM» with in extensive geological seo^B, em- 
bracing 1,600 mileB, af^eared in 1835, and ma second of 161 
pages, with four sections, in I8d6. 

DsftT. The snrTOT of New Jersey was ordered in 1835, and a 
report made bj Professor Henry D. Rogers in 1836, in a pamph- 
let of 188 pages, with extensive sections; the sarvey haying been 
ordered the preceding year. His final report of 361 pages was 
pinblished in 1840, aooompanied by a geological map of the State. 

Descr, The surrey of New York was commenced in 1836. It 
embraced loology and botany as well as geology ; and was pnt into 
the hands of four principal geologists, vis. Profs. Mather, Yannx- 
em, and Emmons, with Mr. Conrad, who wn^ to employ each an 
assistant; one botanist, vis. Prof. Torrey; one zoologist, viz. Dr. 
J. E. De Kay ; and one chemist, vis. Professor L. G. Beck. Sub- 
sequently Mr. Oonrad was i^^poiated palseontplogist to the survey; 
ana Pro£ J. Hall took his place as geologist. These gentlemen 
made iheir first report in 1887, in a pamphlet of 212 pages ; their 
second report in 1898, of 384 pages; their third report in 1839, 
of 351 pages; their fbwth report in 1840, of 484 pages ; and their 
fifth report in 1841, of 184 pages. The surrey is now completed 
and at least 16 quarto volumes of the final report, abundantly ana 
splendidly illustrated, have been published, viz. one volume each 
by Mather, Yanuxem, Emmons, and Hall, upon the geology; one 
volume by Beck, upon the nuneraloffy; two by Hall, upon the 
palsdontology; two by Torrey, upon £e botany; four by De Kay 
vpon the soology; and three by Emmons, upon the agriculture. 
A geological map is also published, and several more volumes are 
expected upon the pabeontology. 

JkBer. The first report, which was a reconnoissance of the geol- 
ogy of Virginia, was made by Prof. Wm. B. Bogers in 1835, of 
36 quarto pages; his second report, in 1836, of 30 pages; his 
thira in 1837, of 54 pages ; his fourth in 1838, of 32 quarto pages ; 
and his fifth in 1839, of 161 pages; and the sixth of 132 pages. 
Prof B>ogers is aided in this work by five assistants, two of whom 
are occupsd in the chemical laboratory. 

Deter. A survey was directed of the State of Maine in 1836 
under the care of Dr. Charles T. Jackson. He made his first re- 
port in 1837, of 128 pages; his second in 1838, of 168 pages; and 
his third in 1839, of 340 pages. The work is now suspended, at 
least for a season ; though it is hoped that itrwill not be finally 
abandoned. Dr. Jackson had also a commission from Massachu- 
setts and Maine, to examine the unsettled lands owned by them 
jointly, and he has made two reports on this subject in 1837 and 
1838. 

JDescr. The survey of Connecticut was commenced in 1835 ; and 
committed to Dr. J. a. Percival for the geology, and to Prof C. 
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U. Shepard for the min«rftlogy. The latter gentleman made a re 
port, in 1837, of 188 pages. Dr. Percival reported in 1842, in an 
octavo volume of 495 pages, with a geologioal map, 

Descr, The survey of PcDnsylvania was hegun in 1836, by Prof. 
Henry D. Bogers ; who the same year made a report of 22 pages : 
and in 1837, another of 93 pages ; also one in 1838, of 1 19 pages ; 
another in 1839, of 252 pages; and a fifth in 1840, of 179 pages. 
Prof Rogers has five assistants, one of whom is devoted to the lab- 
oratory, and four sub-assistants. The surveys of Pennsylvania 
and Virginia have been completed, but the final reports have not 
yet been published. -' 

Descr, The first Geological Beport on the state of Ohio, was 
submitted to the government in 1839 of 134 pages. This survey 
was tmder the direction of Prof. W. W. Mather, as principal geolo- 

fist, aided by Dr. S. P. Hildreth, J. P. Kirtland, and Locke, and 
^rofessor Briggs, J. W. Foster, Esq., and Ool. J. W. Whittlesey. 
The latter gentleman has charge of the topographical department, 
and Drs. Kirtland and Locke of the zoology and botany. Their 
second report in 1838 contains 286 pages, with numerous draw- 
ings. This survey is for the present suspended. 

Descr. In Delaware, the work was commenced in 1837, by 
James 0. Booth, Esq., who has made two annual reports, in 1838 
and 1839, in a pamphlet of 26 pages, and his final report of 188 
pages, was published in 1842. 

Descr, In Michigan, the survey was committed to Douglass 
Houghton, Esq., with two sub-assistants in geology, one assistant 
in zoology, one botanist and zoologist, and one topographer and 
draughtsman. In 1838, the first report appeared of 37 pages; in 
1839, the second report of 123 pages; in 1840, the third report 
of 124 pages, and in 1841, the fourth of 184 pages. 

Descr, The survey of Indiana was commenced in 1837, by Dr. 
D. D. Owen ; who in 1838, produced his first report of 34 pages; 
and in 1839, his second report of 54 pages. 

Descr, In 1839, the legislature of Bhode Island commissioned 
Dr. Charles T. Jackson to make a geological and agricultural sur- 
vey of that State, and his report of 322 pages with a geological 
map has been published. 

In 1840, the same gentleman was appointed to survey New 
Hampshire ; his first annual report of 164 pages was published in 
1841, and his final report in 1845, in a quarto volume of 376 
pages, with illustrations. 

Dr. Jackson has also surveyed the mineral regions of Lake Su- 
perior under the direotion of the government of the United States, 
and his Beport was published in 1851. 

In 1849, Messrs. J. W. Foster and J. D. Whitney commenced 
the exploration of the Lake Superior Land District, as directed by 
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the Geoeral Gk>Tdnunent ; and in 1850, they reported in anactavft 
Tolnme of 224 pages, with plates, on the Copper Lands, and in 
1851, in a volume of 406 pages with plates oa the Iron Region. 

Descr, In 1838, the legislature of Kentucky direoted a G-eo- 
logical Beoonnoissanoe of the State to be made, preparatory to a 
more aoonrate surrey. This was executed by Pro£ W. W. 
Mather, who reported at the dose of the year in a pamphlet of 
40 pages. But I believe the work has not yet been prosecuted 
£urtner; although the developments made in Prof. Mather's re- 
port, of the mineral resources of the State, are such that there can 
hardly be a doubt but the survey will be continued, by a people as 
intelligent as those of Kentuoky. 

Deuar, Professor W. M. Carpenter was engaged in 1842 by 
direction of the Legislature, in making an examination preliminary 
to a general geological survey of the State of Louisiana. But I 
know not what has been the result ; nor do I know what has been 
the issue of the survey of Georgia by J. B. Cottiag in 1836. 

In 1839, Dr. D. D. Owen was commissioned by the government 
of the United States, to examine the territory of Iowa ; or at 
least, its most promising mineral districts. The work was prose- 
cuted by Mr. Owen with as many as 120 assistants ; and a report 
of 161 pages was published in 1840. 

Descr, At a more recent date Prof. Owen was directed to sor- 
vev Wisconsin, Iowa and Minnesota. In 1848 and 1849 he pub- 
lished reports, and in 1851 brought out his final report, a work 
beautifully executed in a quarto volume of 625 pages, with a volume 
of plates and a geological map of a large territory. 

Descr, In 1845 Prof Charles B. Adams was commissioned to 
make a survey of Yerniont. His first report of 92 pages was 
made in 1845, his second report of 267 pages in 1846, and his third 
report in 1847. The survey was nearly finished, but in conse- 
quence of some disagreement between himself and the Government, 
tne final report was never written, and as Prof Adams has de- 
ceased, it never can be. The survey has, however, been resumed. 

Descr. In 1853 Professor G. C. Swallow was appointed to sur- 
vey the State of Missouri, and Mr. P. Daniels to survey Wiscon- 
sin ; and they are now prosecuting this work. California has been 
examined by several geologists, not, however, under governmental 
appointment, and valuable reports upon the geology of the regions 
of the west and south (Texas New Mexico, &c.) have accom- 
panied the Journals of several officers of the army, a^ Fremont, 
Emory, Stansbury, Marcy, Simpson, Abert Nicollett, &o. See, 
also, Professor A^assiz^s works on Lake Su^rior. 

Residts, Thus it appears, that within the last 25 years, surveys 
have been commenced in 23 states and territories of this Union ; 
embracing an area of nearly 700,000 square milea For several 
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jaars, not less than 65 geologists and assistant geologists haye 
been constantly employed in this work. Geological maps of Mas- 
sachnsetts, Khode Island, New Jersey, Tennessee, Iowa, Wis- 
consin, South Carolina, Connecticut, New York, and North Caro- 
lina, have already been published ; and they are nearly prepared 
in many other States, so that we are now able to construct a com- 
plete geological map of the United States. The collections of 
specimens diat have been made and Will be deposited in the capi- 
tals of the different States and of the United States will be of 
great extent and value, and the vast number of chemical analyses 
that have been made of different substances will prove of the ut- 
most value. See my Anniversary Address before the Association 
of American Geologists in PhUaddpkia^ in AprU, 1841, where 
the facts are given in greater detail up to that date. 

Descr, It ought not to be omitted in this connection, that at an 
earlier date than any of the State surveys were undertaken, the 
late Hon. Stephen Yan Bensselaer, with great liberality and 
munificence, directed a geological survey to be made of the region 
bordering upon the Erie Canal ; and that Mr. Amos Eaton, who 
was employed, made a report of 163 pages in 1824; with an ex- 
tended section from the Atlantic to Lake Erie. 

Descr, Within a few years past, the British provinces of Nova 
Scotia and New Brunswick have been geologically examined by 
Dr. Gessner, who has published reports of his labors. 

Descr, In 1845, the government of Canada appointed Mr. Lo- 
gan to make a geological survey of that province, and he is now 
engaged in that work. He has published several annual reports. 

Descr. As early as 1822, a geological survey of France was com- 
menced by order of the Government, under the direction of MM. 
Brochant de Yilliers, De Beaumont, and Dufr6noy. This work 
has been prosecuted with great ability for 20 years, and recently a 
large geological map of the whole kingdom has appeared. Whe- 
welPs History of the Indtictive Sciences^ vol. 3, p. 534. London^ 
1837. 

Descr, In his Anniversary Address before the London Qto- 
logical Society in February, 1836, Phil, Mag, vol 8, 3d SerieSy p. 
668, Mr. Lyell says, " early in the Spring of last year, an applica- 
tion was made by the Master General and Board of Ordnance, to 
Dr. Buckland and Mr. Sedgwick, as Professors of Geology in the 
Universities of Oxford and Cambridge ; and to myself, as Presi- 
dent of the Geological Society, to offer our opinion as to the expe- 
diency of combining a geological examination of the English coun- 
ties with the geographical surveys now in progress.'' The plan 
was adopted ; and H. L. De la Beche commissioned to make the 
Survey. In 1839 he made a report on the Geology of Cornwall^ 
Devon, and West Somerset, in a volume of 684 pages, with 12 
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yhtoflL At letst two other hurge TolmaeB of MemoirB ha^e 9^ 
pened since, and ^e MiueiimB of Economic Geology that have 
been opened in London, Dublin and Edinburgh, are the finest of 
the kind in the world. 

JDiacr, A geological eorrey has been several years in progress in 
Anstria, on a ffrand scale, under the superintendence of W . Hair 
dinger, assisted bj many aUe naturalists. The plan will require 
30 years to complete it 

Inf. Those whose recollection enables them to compare the 
state of geologieal science 40 years ago with its present condition, 
and tibe alniost uniTcrsal interest now taken in it, with the almost 
entire absence of all interest, or knowledge on the subject thai, 
will hardly venture to predict what will be its condition SO years 
hence. 
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SECTION XI. 

OBOaEAFHIOAL 6E0L0OT. 

Drf, Under the term Geographical Geology, I embrace aunpfy 
a summary description of the geology of the different countries of 
the globe, in a geographical order. The term might, also, properly 
include the geogn^hy of the globe at different geological periods; 
for it is easy to know what was liie geography of the world at these 
snocessiTe periods ; and a map of it might oe made answering to 
those times. ThvBj during tne tertiary period, all those portions 
of the globe now colored as such, on a geological map, might be 
represented as water ; and we should see what was then dry land. 
Oonvert all the secondary into water, and what remains would 
show the character of our continents during that period ; and so 
of the older fossiliferous formations. This subject, however, cannot 
be treated fully in this work. See LyeWs Principles of Geology^ 
and Bou^s MBmoires Geologiques, lfc.j Tome Premier Parii, 
1832. 

Rem, M. Bou^ of France was the first geologist who ventured 
to publish, some ten years ago, an outline map of ^e Geology of 
the Globe, founded partly upon theory. This map I copied on a 
reduced scale, and constructed another of the United States, from 
all the data within my reach ; giving the rocks more in detail ; in- 
tending to bring them both out long ago, with a brief description 
of the Geology of the Globe. The work, however, has becm de- 
layed to 1853, and has just been published by Phillips, Sampson, 
^ Co., under the title of << Outline of the Geology of the Globe, 
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«£d of the United States ib partionlaT}'^ &e. A mtete ^«noo at 
these maps, with more than 100 sketches of charaeterktio Ameri* 
9an fossils, will giye a better idea of the geology of the globe than 
\ volume of mere description ; and, therefore, I shall give a less 
extended account of this subject in this Section, since that little 
irork is now accessible, and will be so much more satisfactorj. 



BUEOPB. 

Rem. The rocks of no country on the globe have been studied 
so carefully and successfully as those of Bngland. Indeed, the 
description of rocks in general, given in this treatise, is based 
upon those of Great Britain ; and, therefore, little more will here 
be needed than to describe briefly their distribution in that coun- 
try. 

Descr. The hypozoic rocks are confined chiefly to the west or 
mountainous part of Bngland, viz. Wales, Cumberland, Cornwall, 
and Devon. In proceeding easterly, the country becomes hilly 
and then level, and the rocks generally become newer and newer, 
until we reach the alluvium of the eastern coast. The unstratified 
rocks are mostly confined to the western districts, as are the Cam- 
brian and the Silurian Groups. The estuary of the Thames con- 
tains the principal deposit of the tertiary strata. 

Descr, Probably coal is the most important mineral found in 
Bngland; and that country is remarkably well supplied with it. 
Conybeare and Phillips describe five great coal districts : 1. That 
north of the Trent : 2. Central coal district : 3. Western coal 
district: 4. Middle western, or Shropshire; 5. South-western. 
Some statements, however, have already been made in respect to 
the coal deposits of Bngland in Section III. The annual amount 
of coal dug and consumed in Bngland and Ireland is about 
15,500,000 tons. 

Descr. Bxtensive deposits of iron often accompany the coal of 
Bngland ; as well as the limestone necessary for smelting the ore ; 
and the firestones for the furnaces ; while the coal supplies the 
tael. In 1839, the amount of iron manufactured from ore in 
England, was 1,312,000 tons. Mining Review^ Dec.y 1839, p. 182. 

Descr. England contains several mining districts where other 
metals are found ; the chief of which are, copper, tin, lead and an- 
timony. In Cornwall and Devon, the mines of these metals 
are in hypozoic rocks. Rich lead mines with copper and zinc, 
are also found in the mountain limestone of Bngland and Wales. 
The amount of oxide of tin raised in 1839, was 4,868 tens. 
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Mming Ssriewfar RbruarVj 1840, p. 14 The amount of lead 
in 1835, wns 46,1 12 tons, and the amount of copper in 1837 was 
11,209 tons. 

Deter. In the new red sandstone at N<Mrthwich, is a valuable 
deposit of rook salt, the two beds bein^ 60 feet in thickness and a 
mue and a half long. The salt sprmgs at Droitwich produce 
700,000 bushels of salt yearly, and the whole amount in tJl Eng- 
land, is 15,000,000 bushels. In the London claj, the septaria 
produces the valuable Koman Cement; whidi is carried idl over 
the world. Many other valuable minerals exist in the rocks of 
SngUmd, which cannot be here specified. 

SootlaiHeL 

Deaar, Scotland is much more mountainous than England, and 
is composed j;enera]ly of hypoioic and older fossiliferous rocks. 
All the varieties of the former occur here, and are fully developed. 
They consist of granite, syenite, porph^, trap and serpentine ; 
whidi are unstratified, and of gneiss, mica slate, quarts rock, and 
clay slate, which are stratified. The fossiliferous rocks are the 
Silurian, old and new red sandstone, mountain limestone, coal for- 
mation, lias and oolite, which are covered with drift and alluvium. 

Descr. The amount of iron smelted in Scotland in 1839, was 
200,000 tons. Copper, lead and silver, are also obtained there. 
The annual value of lead is about $603,000, and of the aQver, 
$44,400. Several important coal fields exist, which furnish a 
large supply. The Mid Lothian coal fields produce annually 
390,000 tons ; and they are calculated to contain 2,250 millions of 
tons ; which would supply the whole of Great Britain, which an- 
nually consumes 30 millions of tons, for 75 years. Mining Re- 
view^ Oct., 1839, p. 149. The Brora coal is said to be in oolite; 
but its quality is poor. 

Descr. The Western Islands of Scotland are remarkable for un- 
stratified rocks, which produce much wild and interesting scenery. 
See MaccullocVs Western Islands^ in three Voltmies, Umdom^ 
1810. 

Ireland, 

Descr, All the crystalline and older fossiliferous rocks both 
stratified and unstratmed, occur in Ireland on an extensive scale. 
Chalk also is found beneath the trap. Perhaps the most striking 
feature of Irish Geology is the vast deposit of trap in the northern 
part of the island. It occupies an area of 800 square miles, and 
is 545 feet in average thickness. Where it extends to the coast, 
it exhibits the famous cohimns, which constitute the Giant's Cause- 
way. The chalk on which this trap rests, i^ often changed into granu- 
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I4. * limestone. Beneath the chalk lie green sand, lias, and varie- 
gated marls. 

Descr. Ireland contains several coal fields. Nearly all that in 
the province of Munster is anthracite ; which is used to some ex- 
tent for burning lime. The other basins produce bituminous coal. 
The peat bogs in that country occupy, it is said, more than one- 
tenth of the island, and are from 15 to 25 feet thick. Iron is also 
wrought to some extent; as are copper and lead. The single 
mine of AUihies produces more than 2,000 tons of copper annually ; 
and those of Ooonbane and Tigrony, in 1811, produced 1,046 tons. 
Native gold also occurs in considerable quantity. 

Denmark, 

Descr. This low and flat country is composed almost entirely of 
the deposits of weald clay, and chalk, covered by tertiary and drift; 
and these in their turn often by alluvium. 

Descr, Iceland and the Faroe Islands, which are under the 
jurisdiction of Denmark, are composed almost entirely of igni- 
genous rocks of two eras : the first, that of dolerite or greenstone ; 
and the second, that of modern volcanos. Some of the most terri- 
ble eruptions of modem times have occurred- in Iceland. The 
amygdaloidal rocks of these islands are celebrated for the splendid 
zeolites which they afford. 

Sweden^ Norway^ and Lapland. 

Descr, These extensive countries form the ancient Scandinavia. 
It is rough and mountainous, and the rocks are mostly hypozoio 
and older fossiliferous ; though chalk is said to occur; and in 
Sweden some recent tertiary strata. The mountains are mostly 
gneiss with mica and talcose slates, and in Norway are extensive 
deposits of porphyry and syenite. But the drift or boulder forma- 
tion that is spread over this country, is perhaps the most remark- 
able in the whole series. This, however, has been already described 
in a preceding section. I would only remark here, that drift 
phenomena in Scandinavia appear to resemble those in New Eng- 
land more nearly than in any European country. And there is a 
good deal of resemblance in the rocks and minerals ; especially 
between those of Norway and New England. 

Descr. The mines of Sweden have long been well known. Those 
of gold and silver yield much less now than formerly. Those of 
Kongsberg have been considered the richest in Europe. A mass 
of native silver was once found here weighing 600 pounds. The 
copper mines are very prolific ; that of Fahlun alone yielding an- 
nually 510 tona Cobalt is also wrought in several places. Fr<mi 
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the lalpkiiieta of iron and copper, eolpliaie of iron or copperas ie 
mannfaotared in large quantity. In Sweden and Norway 120,000 
tona of iron were manmactured in 1839. The immense beds of 
iron are naoally connected with the gneiss. Extensive qnarries of 
granite, marble, and porphyry, the htter the finest in Bnrope, are 
also worked. 

EoOand and Belgian. 

Deter. These coimtries are prorarbial for the flatness of their 
almost entire snrfiM^e, althongh some parts are hiU^. Bnt mnoh 
of the land lies eyen below the level of the sea, and is defended by 
dykes. As might be expected, no hynosoic rocks occur, nor any 
nnstratified rocks. Clay date is the oldest ; and most of these fos- 
siliferons strata are snperimposed upon this, with one or two ter- 
tiary basins, and a coat of drift. 

JDescr. Both anthracite and bitummons coal are fonnd in Bel- 
gium ; the latter in great abundance. In 1837 her 250 coal mines 
yielded 1,600,000 tons; and the h*on mines in 1839, 80,000. 
Minmg Review for JuUf^ 1838, p. 109; and, for January, 1840, 
p. 6. 

D^anoe, 

Descr. This extensive country, embracing an 'area of more than 
200,000 square miles, is generally level ,^' though in its central 
parts mountains rise 5,000 or 6,000 feet ; and uie highest moun- 
tuns of Europe, the Alps, are on its borders. Nearly all the 
stratified and unstratified rocks from the oldest to the most recent, 
are found here. The carboniferous strata are £»* less extensive 
than in England; but the new red sandstone, and the jura or 
oolitic limestones, form extensive tracts. Ohalk also occurs in vast 
abundance ; and there are not less than six extensive basins of ter- 
tiary deposits. But perhaps the most remarkable of the forma- 
tions is the district of extinct voloanos in Auvergne, which has 
long been classic ground for the geologist The rocks are trachyte, 
basalt, and tu&. 

Descr. In 1837 the one hundred and ninety-eight coal mines of 
France produced 1,150,000 tons of coal ; and her iron mines, 600,- 
000 tons of iron in 1839. Mining Review, July, 1838, aftd Jan- 
uaryj 1840. Her lead mines yield aiinttally about 1,525 tons, and 
her silver mines about 2,800 pounds troy. Besides these, there 
are mines of copper, antimony, manganese, alum, and vitriol. Oo- 
balt, arsenic, nickel, and tin, also occur in small quantity. Quar- 
ries of marble, slate, gypsum, flint, and buhrstone, are likewise 
eztensiv^y wrought. 
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Spain, 

Descr, The surface of Spain is strikingly irregalar ; some of 
the mountains, as the Pyrenees, rising more than 1 1,000 feet above 
the ocean. The central axis of these mountains is usually hypo- 
zoic or primary fossiliferoufi rocks, both stratified and unstratified. 
The middle secondary strata, however, sometimes rise to a great 
elevation, as in the Pyrenees. The more recent secondary, even 
to the chalk, as well as tertiary deposits, occur. Around Olot, in 
Catalonia, is a region of extinct volcanbs, occupying twenty square 
leagues, according to Maclure, who first pointed it out. J^eWs 
Elements of Gedogy^ voL 2, p. 265. 

Descr. Lead occurs in great quantity in Spain; one district 
yielded in 1828 no less than 30,000 tons. This deposit is in tran- 
sition limestone. There are also rich quicksilver mines in clay 
slate. An extensive deposit of rock salt exists at Cardona, in the 
cretaceous rocks. The iron smelted in 1839 wa£i only 18,000 tons, 
although the ores are said to be very abundant Extensive depos- 
its of coal are found in the province of Asturias. ^^e sands of 
the river in this country have long been known as yielding gold. 

Portugal, 

Descr, The geological structure of Portugal is similar to that 
of Spain ; the older stratified and unstratified rocks constituting 
the mountains. Gold occurs in the sands of a few of the rivers, 
and is still sought, but with small success. There are also mines 
of coal, of graphite, of iron, and of quicksilver ; and formerly tin 
was explored. 

JiaJy. 

Descr, Italy contains the loftiest mountains in Europe, viz. a 
part of the Alps, including Mont Blanc, St Bernard, and the 
Apennine chain. Between these mountains are most beautifol 
plains. The Apennines are made up in a good measure of lime- 
stone, belonging to the newest of the hypozoic, or the oldest of the 
fossiliferous rocks ; though in some parts are slate, euphotide, and 
gabbro. The sub- Apennine hills, at the base of the Apennines, 
are composed of tertiary strata, often containing E^cies of shells 
such as now exist in the Mediterranean. And there is evidence 
that the Apennine chain has been elevated 3,000 or 4,000 feet 
since the deposition of these tertiary strata. In Calabria, granite, 
gneiss, and mica slate exist. Hypozoic rocks occur also in the 
Alps and on ^e island of Sicily ; though most of the rocks on this 
islaod are secondary and tertiary. Most of tho Snglirii newor 
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geoondary rocks ooomr here. In this island, also, is volcanic Etna, 
nearly 10,000 feet high. On the main land, Yesuvins is the only 
active volcano, nearly 4,000 feet in height ; thoogh near Naples is 
a solfatara, which continnally gives off gases and vapor. Broechi 
estimates the nomher of craters of extinct volcanos in the vicinity 
of Naples, at 27. The Lipari Islands, as also Procida and Ischia, 
are all of volcanic origin ; and among the former is the perpetually 
active volcano, Stromholi. In Corsica and Sardinia, the prevail- 
ing rocks are byposEoic and older fossiliferous. Jura limestone, 
however, is found there ; and in Sardinia are tertiary strata cov- 
ered by drift with volcanic rocks. Malta and Goro are chiefly 
composed of soft limestone. Along the shores of the Mediterra- 
nean are deposits of alluvium ; and in the fissures and caverns of 
the rocks, is a calcareous deposit, called bone breccia, made up of 
the fragments of the bones of extinct animab, cemented by carbon- 
ate of lime. 

JDescr, Italy has long been celebrated for its marbles, such as 
the Oarara, the Pentelic, Lumachella, &c. Coal occurs there, but 
is not abundant In the province of Coserza, are extensive beds 
of rock salt Silver, lead, copper, and iron, have been wrought; 
the latter especially. In 1839, Italy, wi^ the islands of Elba 
and Sardinia, produced 50,000 tons of iron. The iron mines of 
Elba have been wrought from the earliest times. Sicily has long 
supplied nearly all Europe with sulphur, dug from the tertiary 
clays. 

Staitzerland. 

Descr. The geology of this country of mountains has been ex- 
plored by many of the ablest geologists of Europe, commencing 
with Saussure. And although its structure is complicated, it has 
afforded many fine illustrations of geological principles. The cen- 
tral parts of the Alps are hypozoic ; or gneiss, mica slate, talcose 
slate, hornblende slate, and limestone. In the gneiss, talc often 
replaces the mica ; and the rock is then called protogine, of which 
Mont Blanc is formed. On the flanks of the mountains are le- 
posits of new red sandstone, lias, oolite, green sand, chalk, and 
tertiary strata, over which are accumulations of diluvium. The 
tertiary rocks are from 2,000 to 4,000 feet above the ocean, and 
mark the height to which these mountains have been raised since 
those strata were deposited. All the older unstratified rocks, as 
granite, syenite, porphyrj) &nd greenstone, are found in the Alps. 

Germany, 

^ Descr, The south-western and eastern borders of Grermany con- 
sist of lofty mountains of azoic rocks \ which occur also in several 
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places more central, as in the Hartz motmtains. Newer rocks oo 
cur in many places ; though relatively less abundant than in Great 
Britain. Tet nearly all the fossiliferous rocks of Great Britain 
are found in Germany, and in the same relative position. A part 
of the extensive plains of northern Germany is composed of ter- 
tiary rocks, covered with diluvial detritus from Scandinavia. As 
many as four other tertiary basins occur in Germany. Indeed, 
nearly every stratified rock that has be^i found in any part of the 
world exists in Germany. 

Descr. Several coal deposits are found in this country, which 
annually produce about 1,000,000 tons of coal. Salt and gypsum 
are also found in the new red sandstone, and of the former the an- 
nual produce is 157,500 tons. The amount of iron manufactured 
in 1839, in Germany, was about 800,000 tons; of which Austria 
produced 100,000; Prussia the same, and the Hartz mountains, 
70,000. The annual produce of the gold mines of Germany, is 
iS2 marks; of silver, 123,000 mad^; of copper, 1,950 tons; of 
lead 9,560 tons ; of tin, 400 tons ; of mercury and cinnabar, 799 
tons ; of cobalt, 825 tons y of calamine, 4, 140 tons ; of arsenic, 530 
tons ; of bismuth, 75 tons ; of antimony, 120 tons ; of manganese, 
90 tons. Indeed, this country is the most remarkable one in Eu- 
rope for mining operations, and for the scientific skill with which 
they are conducted. 



Hungary^ vnth Transylvania^ Sclavama, Croatia, and the 

Barmat, 

Descr, This extensive region has the Carpathian mountains on 
its north and eastern border, and the Julian Alps and other moun- 
tains on the south. The country in the interior is in general 
hilly, except several plains of great extent. Hypozoic rocks occur 
in several places, but they are not relatively very abundant. Nearly 
all the fossiliferous deposits hitherto described, occur here ; and 
above them drift and alluvium. The common unstratified rocks 
are also found here ; and in addition we have trachyte in abun- 
dance, with trachytic porphyries, tufas, and conglomerates ; which 
are of more recent data than the tertiary strata ; and one solfatara 
at least exists in the trachytic regions of Transylvania. 

JDescr, Hungary produces more gold and silver than any coun- 
try in Europe. Hassel states the annual amount of the former to 
be 1,050 pounds; and of the latter 41,600 pounds. But this is 
greater than the quantity now obtained. The iron annually smelt- 
ed is about 10,000 tons; of copper, 19,000 tons; of lead, 1,225 
tons ; and large quantitids of coal and salt are obtained. 
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Poland and BM$na m Europe. 

De$ar, Poland and Btusia are for the most part a vast plain. 
bounded on the east by the Uralian mountains, and on the south 
by the Carpathian and Silesian chains. These mountains are 
thieflj b jposoio and fossiliferous ; as are also Finland and Russian 
Lapland. But the tertiary and alluvial strata predominate in most 
parts of the country. Nearly all the fossiliferous rocks occur; 
fuoh as old and new red sandstone with the coal formation inter- 
vening; lias and other limestones, and green sand and chalk. The 
tertiary strata oorrespond rather to those in Hungary and France, 
than to those of England and Italy. Over the tertiary is a de- 

C't of clay, sand, and boulders, from 30 to 100 feet thick, whidi 
been brought from the north; and this deposit contains the 
bones of many extinct terrestrial animals. Unstratified rooks are 
uncommon ; but trachyte occurs in the Caucasian chain. 

Deter. The Uralian mountains forming the eastern boundary of 
Bussia in Europe, have, for some time, been made remarkable for 
their deposits of gold spread over a region of 200,000 square milea 
The ffold occurs mostly on the east side of the mountain, and in 
alluvial deposits, though the subjaoent rodcs contain a small quan- 
tity disseminated. These auriferous rocks probably extend east- 
erly and southerly over a large part of northern Asia. The pro- 
duce of gold in the Bussian empire now rises as high as twenty 
millions of dollars annually. Platinum also occurs in connection 
with the gold and most of uie gems used by the lapidary, from the 
diamond to quarts. 

JDeicr, In Poland occurs in the tertiary strata, the most exten- 
sive deposit of salt in Europe. Several other deposits of this min- 
eral are found in the new red sandstone with gypsum, in Russia. 
Some coal mines have been opened ; but they are not exten^vely 
wrought The iron mines of Bussia and Poland yielded, in 1839, 
about 158,000 tons. Copper is obtained also, on the western side 
of the Uralian mountains. 



Greeoe and Turkey in Europe. 

The geology of these countries is very similar to that of 
Hungary, but it has not been minutely described. 

Deacr. The foUowiDg Table giyes a more recent view than the numbers 
already presented, of the annual produce and yalue of the mining operations 
in Europe, so ikr as metals are ooDO^ned. Amte^t Geohgy, yoL 2, pi SOS. 
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British Isles. 

Russia and Poland.. . 

Franjoe 

Austria 

German Confederacy 

Spain 

Sweden and Norway. 

Prussia 

Belgium 

Tuscany, Elba, &c.. . 
PiedDDK>at, SwitserPd, 

SaToy. tui 

Denmark 



Total..,. 



3,600 



I 

6 



I 

9 



I 



30 
300 



65 



4,163 



12,000 

3,300 

80 

3,500 

2,000 

1,240 
540 



700 



21,385 



250 

650 

1,750 



2,650 



Tons. 
2,000 
4,000 



75 



85 

300 

500 

1,750 






I 



S 



8,710 



Toil*. 

46,000 

600 

400 

4,500 

8,000 

90,500 

40 

6,000 

3351 



350 



86,765 



Too*. 
1,350,000 

300,000 

430,000 
70,500 
70,000 
I.'hOOO 
85,000 
70,000 

162,000 
24,000 

22,750 
12,000 



3,611,250 



rouoda. 

6,000 

38,500 

3,314 

42,500 

5,350 



10,350 

10,000 

350 



1,350 



111,614 



Pouada. 
12,000 



3,250 

60 



13 



15,327 



Is 



17,600,000 
5,400,000 
5,280,000 
2,680,000 
2,580,000 
3,160,000 
2,160,000 
1,196,000 
1,160,000 
600,000 

440,000 
360,000 

41,616,000 



ASIA. 

Turkey in Asia and Arabia, 

Descr, Although many insalated &ot8 are known regpeeting the 
rocks of those extensive and mountainous regions, jet no connected 
view of their geology oan be made out. It is certain, howeyer, 
that rocks of eyery age, stratified and unstratified, are fbond there. 
A few statements of interest can be made respecting the geology 
of Syria, Palestine, and Arabia. 

j5e9cr. In Syria and Palestine, limestone, probably of the newer 
eecofidary class, is the most abundant rock. It forms the greater 
part of the mountains of Lebanon, Anti^Lebanon, Oarmel, the 
mountains of Gulilee, and the ridges stretching south from the 
Dead Sea. Much of it is yellowish white and compact, not a little 
resembling the stone used in lithography. At least this is the 
character of the limestone on which Jerusalem is built ; and of 
which the ancient temple of Solomon and the houses of the city 
were constructed ; and it was the material from which the tessel- 
lated pavement of the streets was formed.* 

Descr. Mount Lebanon has been described by M. Botta, as con- 
sisting of three groups of calcareous rocks. The upper group 
consists of limestone of variable hardness, alternating with marls: 
the middle group embraces siliceous beds and nodules, with fossil 
echini and fishes; and the lowest group is mostly sandstone, with 



* A reoent analysis of this limestone gave me in 100 parts, — 

Earthy Rr^duum 1.00 

OarboiDate of Magnesia .... 0.88 
Oarhonateoflime 98.17 



100.00 
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beds of nlioo-c&lcareoTia matter, iron ore and lignite. The whole 
formation he refers to the chalk. Traite Ekmentaire de Geolo- 
gUy Par M. Rozet, p. 524. 

De$cr. Mount Hor and Wady Monsa, in the ancient Edom, are 
composed of variegated or new red sandstone ; and the excavations 
of Petra, the ancient capital of Edom, are in this rock; which ex- 
tends to Mount Sinai, and still fiirther south. On the borders of 
the Dead Sea marlj strata occur, and a remarkable ridge of rock 
salt from 100 to 150 feet high, called Usdum. Robinson and 
Smithes Bibiioal Researches in Palestine^ Src,^ vol. % p. 482. 

jDescr. Some of the highest peaks around the Red Sea, are siud 
to be composed of granite rock. Mount Sinai is wholly granite, 
or perhaps syenite; as are also the mountains on each side of the 
Arabian GuUT. Porphyry and greenstone exist also in the same 
mountains. Trap rocks occur at Akaba, the eastern extremity of 
the Bed Sea ; and according to Burckhardt, ancient volcanic cra- 
ters may be seen in the same region. According to Yon Buch, 
the valley of the Jordan, from Mount Libanus to the Bed Sea, is 
a fissure, through which volcanic agency has been active, and the 
character of the Dead Sea, as well as the thermal springs on its 
margin, the existence of volcanic rocks in the same region, the rock 
salt and great amount of bitumen, and the columnar and amygda- 
loidal rooks existing near the Jordan, render it highly probable 
that this igneous agency has been exerted at some former period. 
American Biblical Repository^ vol. 3, Second Series, pp. 24, 324. 

JDescr, Barometrical observations had made it almost certain 
that the Dead Sea is sunk many hundred feet below the level of 
the Mediterranean; and in 1841 the point was settled by British 
officers, who surveyed the region between the two seas trigonomet- 
rically. They find the Dead Sea to be 1,337 feet below the Medi- 
terranean. 

Man, I have reoeiTed an ezteoaiye series of spedmens illostrating the ge- 
ology of Syria and PideetiQe, especially that or Mount Lebanon, from Rev. 
Story Hebard, American missionary in Syria, who had paid a good deal of 
attention to geology before leaving this country. They confirm the preceding 
statements essentially. The limestones of Mount Lelianon are often pulveru- 
lent, and even chalky ; though some of them are compact. They often con- 
tain siliceous nodules; sometimes as large as a man's nead, which, on Ix'eak- 
ing open, present splendid geodes of crystals of quartz, or sometimes of mam- 
miUary chalcedony. Solid nodules of hornstone, passing into chalcedony, are 
also common. The limestone contains fine petrifactions of one or two species 
of Tellina, and Venus, a Terebra, a Trochus, a Dolium, an Ostrea, on Echino- 
derm, and fishes on a white marl slate somewhat like that of Monte Bolca, 
and with homocercal tails. The sandstones are highly ferruginous, and re- 
semble those in this country that are referred to the lower part of the creta- 
ceous group. In this sandstone occur beds of asphaltum, especially at Oar- 
mel on Mount Lebanon, and at Hermon on Anti-Iabanus, at the former place 
in ferruginous sandstone. Lignite is also found on Lebanon. Near the tops 
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of this mountain oceors a brittle bitominons shale, and on the borders of the 
Dead Sea and the Sea of Tiberias, a black highly-bitominoiu limestone. 
Genuine greenstone is foond with the limestone on the east side of Anti- 
libanuB ; and a yesicular basalt with olivine. The same rock exists at Hau- 
ran, south-east of Damascus. Qenuine basaltic vesicular lava occurs in an 
ancient crater five miles west of Safet ; and a still more ]>orous variety on 
the north Bhore of the Dead Sea. The ruins of Jericho furnish a similar rocki 
{See the Specimens in the CMnet of Amherst College.) 

Descr, " The compact limestone rocks which bonnd the Nile in 
the whole of Upper Egypt," says Mr. Weaver in his Observations 
on Ehrenherg^s Discoveries in Mag, Nat. Hist, for June, 1841, 
p. 305, ^^ and extend far into fhe Sahara, or Desert, as well as the 
West Asiatic compact limestones in the north of Arabia, are in 
the mass composed of the coral animalcules (Polythalamia of Ehr- 
enberg, or the Foraminifera of D'Orbigny) of the European chalk. 
This affords a new insight into the ancient history of the formation 
of Lybia, from Syene to the Atlas, and of Arabia, from Sinai to 
Lebanon ; thus opening a large field to organic distribution." 

Menu Professor Bailey, of West Point, having seen the above paragraph, 
requested me (March, 1842) to send him specimens from my collection above 
referred to, of limestones from Syria and Palestine. Having complied with 
the request, Professor Bailey has kindly communicated to me the following 
results, which confirm in an interesting manner the statements of Ehrenberg. 
The localities mentioned by Ehrenberg are *' Hamam Favaun and Tor in the 
Sinaian portion of Arabia, ** constituting hilly masses in Upper Eg^pt,^ and 
** continued eastward iuto the Great Desert plain tending towards Palestine.'' 
The specimens examined by Pro! Bailey are mostly from places much farther 
noith. 

No. 1. From the interior of the Pyramid of Cheops; Polythalamia dis- 
tinctly present, but rare. 

No. 2. West side of Anti-Libanus ; Polythalamia abundant. Fig. 206. 

No. 80. Anti-Libanus : day colored limestone ; Polythalamia abundant. 

No. 8. Near Damascus ; Polythalamia abundant. Fig. 203. 

No. 7. Mount of Olives ; Polythalamia abundant. Fig. 208. 

No. 8. Beyroot ; Polythalamia abundant. Fig. 207. 

Prof. BaUey has added sketches of Polythalamia from the English chalk, 
and from a cretaceous formation at a mission station on the Upper Mississippi ; 
Fig. 206. The scale shown on Fig. 206 is the same for all It is ^y^ ths of 
a millimetre, magnified equally with the sketches. 

Inf, It is impossible to compare the sketches on Figs 203 to 208, 
Tfithout being convinced that they all were derived from the same 
formation; that is, from the chalk formation. The evidence 
wonld hardly be more satisfactory if the organic remains were 
those of maiitodons or megatheroids, having as close a resemblance 
as is shown in these figures. What an interesting example of the 
constancy of nature in her minutest works, and of the triompluof 
science over difficulties apparently insuperable I 
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f)n>m the Mount of Oliv«t. 

Deacr. la the western p&rt of Abu Minor to the east ot 
SmTTiia, and in the Tieinity of the ancient Sardis and Philadel- 
phia, is a re^oa interesting to tte geologist, called the (tumt coun- 
try, from the striking marks it bears of former volcanio action. 
Here are aeen numerous streams and beds of lava, and 30 diatinot 
Toloanos, whose oratera are oorered by soil and Tegetation. The 
de^ fissores cut through the lava by rannmg water, show that the 
period of action in these Toloanos must hare been very remote. 
Three of them, however, are mach more recent : yet even these 
hare been quiet for at least 3,000 year*. Dr. Smit&'t Ser^ilure 
and Geology, 2d Ed., p. 149. 



Descr. The little that ia known of the geology of this rast re- 
gion, consists of a few inaolated facts. On the north, commences 
the largest inland sea in the world, tii., the Caspian ; which in 
600 miles long, and 300 broad, and salt like the ocean. In the 
north-west part of Persia is the lake Ooroomiah, 300 miles in cir- 
oomferenoe, whose wateni bold in solution one-fifth of their weight 
of salt, and eontain M mnob mlphnrettsd hydrogen u to tuauh 
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BQver r&pidly, after haviiig been brought to this oonntry * The 
tea of Aral, in Tartary, east of the Caspian, is also salt These 
facts, particolarly those in respect to Ooroomiah, indicate volcanic 
agency in those regions ; and the remarkable springs and deposi- 
tion of asphaltum, in the region of ancient Assyria, as well as the 
snlphor in the soil, lead to a similar condnsion. An extinct toI- 
canio crater is said to exist in the yicinity of Mount Ararat ; and 
that mountain itself is made up of ancient lava. A crater also 
exists in the Kourdish mountains. Near Tiflis, in Greorgia, are 
hot springs ; and a boiling spring on the river Akhoor. In the 
Caucasian mountains are extensive groups of basaltic columns. 
Near lake Ooroomiah occurs the beautiful white or yellowish cal- 
careous alabaster of Tabreez, which is deposited by thermal waters 
in great abundance. Near the ruins of the city of Tact-i-Solomon 
is another enormous deposit of calc sinter. Copper, lead, and sil- 
ver are mined near Tokat, where 50 furnaces are in operation. 
Iron, copper, and silver are also wrought near Samsoon. Sir 
Robert Ker Porter's Travels from 1817 to 1820. See Am, Jofwr- 
nal ScienoCj vol. 37, p. 347. 

J)€aer, From specimeDS and their labels sent by Rev. Justin Perkins aod 
J. L. Merrick, American missionaries in Persia, I learn the following fiEtcte. 
1. That on the vast plain north-west of Mount Ararat, are moraine terraces 
like those in this country. 2. That near Ooroomiah are extensive deposits 
of very fine gypseous alabaster. S. That gray sandstone and conglomerate 
with gypsum are abundaot in the same region. 4. That quarts rock exists 
there, as well as in some of the islands of the lake, and in several other parts 
of Persia. 6. Tliat limestone is abundant around Ooroomiah. 6. That red 
aandstone and conglomerate (probably the new red sandstone) <»>nstitute a 
mountain just back of Tal»*eez, some part of which appears as if it had been 
exposed to very powerful heat ; and that similar rocks occur in other parta 
of Persia. 7. That beautiful roek^ salt is dug from a mountain near Tabrees, 
as well as on the plain of Khoy with gypsum, and at various places along the 
river Aras in Georgia. 8. That rich ore of copper, composed of native copper, 
and the green and blue carbonates, exists in larg^ quantity 80 miles north- 
east of Tabreea, from which the Persian government have manufactured 
cannon. 9. That the marble in the ruins of PersepoUs resembles Uas. 

» 

* I have recently analyzed this water, and found 500 grains of it to con 
tain — 

Of solid matter .... 102.1 grs. 
which was composed of 

Chloride of Oaldum . . 0.74 grs. 

Chloride of Magnesium . 6.76 

Chloride of Sodium . . 90.68 

Sulphate of Soda . . . 6.67 

102.76 



Excess above the solid contents 66 
Rrotnine was detected, but its quantity not ascertained. 
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Tartarif, 

Descr. The interior portion of Asia is crossed by four grand 
systems of mountains from east to west; yiz. on the south, the 
Himmalayah, next northerly the Euenlun, then the Thian-dian, 
and the Altaian. The first is in India ; the second separates Tar- 
tary from Thibet, and the last from Siberia ; while the Thian-dian 
occupies its central parts. The Altaian chain presents its mag* 
nificent display of hypozoio and older fossiliferous rocks; over 
which are secondary and tertiary deposits. In these rocks are 
numerous metallic deposits. The quantity of gold annually de* 
rived from thence, is 1140 pounds avoirdupois, and of mver, 
41,992 pounds. 

Descr. Active and extinct volcanos occur in central Asia; oo- 
oupying a space of 2,500 square leagues. The most remarkable 
volcanic mountains are Pechan, Houtcheon, Ouroumptsi, Kobok, 
and Aral-toube. These are between 900 and 1,200 miles from the 
sea. 

Siberia, 

Descr. The geology of the Uralian mountains, which separate 
Siberia from Europe, is similar to the Altaian range in its general 
features. 

Descr. The Uralian mountains, especially on the Siberian side, 
have long been celebrated for their mineral treasures. In 1 828, 
about 53 tons of gold were thence obtained. As long ago as 1 782, 
this mountain yielded 66,000 tons of iron, and 31,500 tons of 
copper. The Altaian chain of mountains, also, yields an immense 
quantity of silver, as well as much gold and copper. In 22 years, 
12,348 pounds of gold, and 324,000 pounds of silver, were dug 
from the single mountain of Schlangenbetg. In 1828, the entire 
produce of sUver in Sib^ia was 182 tons. In the Uralian moun- 
tains, within a few years, platinum has been foimd in such quantity 
that it is now used as a coin in Russia. Murchisows Choi. 
Rtessiay vol. 1, p. 648, Lond. 1845. 

Descr. Other interesting minerals are found in Siberia ; amon|^ 
which are the diamond, topaz, emerald, b^l, onyx, lapis lazuli, 
beautiful crystals of quarti, rubellite, avantnrine, eammian, chal- 
cedony, aga^s, &e. 

HmdostaUy Thibet, and Furth^ India. 

Descr. The two first of these countries are separated by the 
Himmalayah mountains, the highest on the globe, and their 
geology oeoomee, therefore, of great interest On approachinic 

17 
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this duun from the pUins on the south, we first meet with a sand- 
etone belonging to the newer secondary series ; next in suooession 
argillaoeoos slate, mioa slate, taloose slate, quarts rock, hornblende 
•late, and limestone. The highest part of the range is composed 
chiefly of gneiss, trarersed by granite. The mica slate is traversed 
by porphyry. At the base of these mountains, also occur tertiary 
strata, in which the bones of the mastodon have been found in 
Burmah ; and between the river Sutlej and the Ganges, bones of 
the elephant, mastodon, hippopotamus, rhinoceros, elk, horse, deer, 
orooodues, gayials, sivatherium, and the monkey. Diluvial de- 
posits are said also to occur in these mountains. In Middle India, 
the vast plains are composed mostly of clays, sand, and gravel, 
with organic remains of animals and fossil wood. Good coal also 
oooors here in a formation resting on granite. Peninsular India 
18 composed in a great measure of unstratified rocks; euch as 
granite, syenite, and trap ; though nearly all the stratified hypozoio 
ones are present also. Extensive deposits of secondary and ter- 
tiary strata exist there likewise ; as well as drift and alluviunL 
The geology of Further India is but little known. 

Descr. South-eastern Asia has long been known as a region of 
ffems. The diamond occurs in several places in Hindostan, both 
m conglomerate and alluvium. Corundum, from its coarsest to 
its finest state, is found there. Pegu is well known to produce the 
most beautiful variety of the oriental ruby, which is a sapphire. 
Topas, siroon, tourmaline, garnets, camelian, jasper, agates, 
amethyst, cats-eye, chrysolite, &o., are common. The annual value 
of oarnelian formerly exported from India, was $50,000. Burmah 
18 celebrated for the vast amount of petroleimi collected in wells ; 
which amounts to 95,781 tons per annum. India also containft 
gold, tin, iron, lead, and zinc ; though not enough of these metals 
18 obtained for home consumption. Rook salt is also found. 
From Thibet is brought a large quantity of borax. This is ob« 
tained from a lake, wmch contains also common salt The Thib- 
etans are said to work mines of copper and mercury. 

Ceylon, 

Deter. The geology of this large island, lying near the coast of 
0outi[iem India, is quite simple. It is made up almost entirely of 
aaoic rock, most of it stratified. The prevailing rock is gneiss ; 
which is associated with dolomite and subordinate masses of quarts 
rock. Granite, syenite, and greenstone, also exist there. 

DescT, Iron is almost the only vsluable metal found in Ceylon. 
But the gems are numerous. Amethyst, rose quarts, cats-eye, 
prase, topaz, schorl, garnet, pyrope, cinnamon stone, zircon, spinelle, 
sapphire, and corundum, have been found; most of them in oon* 
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nection with graphite in gneiss. Transactions of the Cfeotoguxu 
Society J vol. 5. part 2, p. 311. 

China, 

Descr. Little is known of the geology ot China. We only 
know that granite, syenite, porphyry, sandstoue, &c., occur there. 
But its minerals are more known. Grold and sUver, mercury and 
copper, lead, tin, and arsenic, are among those which are wrought. 
Kubies, corundum, topaz, lapis lazuli, jasper, agate, jade, porcelain 
clay, and marble, are enumerated among its valuable minerals. 

Japan, 

Descr. It is known that these islands contain several volcanos, 
but their other geological features are little understood. Gold 
and silver abound, and copper and mercury occur. Sulphur exists 
in great quantities ; and coal is found, as well as amber, porcelain, 
clay, marble, &c. 

East Indian Archipelaga, 

Descr, In Sumatra are four volcanos, nearly 12,000 feet high , 
while granite, trap, limestone, and other crystalline rocks exist 
there, as well as tertiary clays. In Java, are several ranges of 
volcanic mountains ; and at their bases are deposits, perhaps ter- 
tiary, of limestone, clay, and marl, with rock salt. Banca is said 
to be composed of gneiss and mica slate with granite. In Borneo, 
azoic formations are abundant, forming the axes of the principal 
mountain chains; while secondary, tertiary, and alluvial deposits 
occupy the lower regions. Volcanos also exist here. The Philip- 
pine islands are likewise volcanic : so are also the Moluccas; of 
which Celebes contains azoic rocks. 

Descr. The mineral treasures of this Archipelago are abundant. 
Gold occurs in nearly all the islands ; and the amount annually 
collected, is estimated at $2,922,300. Tin is abundant especially 
in the island of Banca; where in 1817, about 2,083 tons were 
smelted. Copper also occurs. Sulphur is obtained in great 
abundance and purity in Java. Borneo is celebrated for its dia- 
monds ; one of which, in the possession of a prince of Matan,' is 
valued at $1,194,350. 

Australia ; or^ New Holland. 

Descr, The details of the geology of particular portions of this 
vast island, or rather continent, have not been given ; yet numer- 
ous facts on the suhjeot an* known. The ooast is for the most 
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pwi rodkj and movntuBOiis; and the rooks whUtt haTo been re- 
oogniiedy are granite^ mica slate, talcose slate, qnarti rook, andeni 
sandstones and limestones, the coal formation, red marl, with ^fialt 
and oolite : also porphyry, greenstone, clinkstone, amygdaloid, and 
serpentine. There are some traces of former yoloanos. Topai 
and agate are the most interesting minerals. 

Deter. Interestinff collections of fossil bones from the limestone 
oaTems of New H<nland haye been carried to England, and re- 
ferred to at least 14 species of animals. These animals are aU 
similar to those found living in Australia ; such as the kangaroo, 
dasynms, hypsiprimnus, wombat, a saurian, and an elephant. These 
bones are much gnawed like those in liie English caTems,and 
were probably carried into the cayems by camiyorous races. 

Descr, Late discoyeries of gold in New Holland haye turned 
public attention to that country, so that even California begins to 
be deserted. Bey. W. C Clark, who, ever since 1841, has been 
calling public attention to the subject, estimates the auriferous re- 
gion of Maquaire District alone at 700 or 800 square nules. The 
rocks containing the gold are the older azoic slates trayersed by 
yeins of quartz corresponding to nearly all other gold regions. 
They extend through the whole eastern part of New Holland. It 
is a curious fact that just 90 ' west from this region we find the 
Ural Mountains, and just 90^ east the Sierra Nevada of Califor- 
nia, all of which ranges follow meridians. 

Descr. Probably this is the most prolific gold region on the 
globe. Up to January 1st, 1853, the amount that had been car* 
ried to England (accordmg to newspaper statements) was $80,000,- 
000, or 4,000,000 ounces. 

Descr, In the Yth Section I have described the discovery of 
the bones of eleven species of gigantic birds in New Zealand, which 
is 1,200 miles S. £. of Australia Proper, and usually included in 
Polynesia. 

Polynesia. 

Descr. The predominant formations in this vast group of islands 
are the volcanic and the coral reefis. Those islands formed by tiie 
latter, are low and level; but the others rise to a great height 
Mouna Boa in the Sandwich Islands is more than 16,000 feet 
high; and Mouna Eea, 18,400 feet. These islands, with a sur* 
face of 4,000 square miles, are all volcanic; Kilauea being the 
most remarkable volcano on the globe. The Society Islands are 
composed mostly of igneous rocks of greater age ; as basalt, which 
frequently oontains most of the seolitic minerals. The Friendly 
Ifllajub are mostly volcanic ; as are also the Marquesas, the GaUi- 
pagoB, the New Hebrides, and Oambier's Ii^ands. Juan Feman- 
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del is composed wholly of basaltic greenstone. The South Shet- 
land and Orkney Islands are made up of hyposoic rocks, along 
with those of more recent i^eons origm. The coral islands are 
Elisabeth Island, Whitsunday, Queen Oharlotte, Lagoon, Egre- 
mont, &o., &e. The riiores of nearly all the rMcanic islands are 
lined with coraL 

« 

APBIOA. 

Egypt. 

JDe$cr, The southern part of this country is asoic, eonsisting of 
granite, syenite, and other crystalline rocks. The felspar in the 
granite and syenite is red, and the rock has been used for many 
of the monuments of Egypt, as Pompey's Pillar, Cleopatra's Nee- 
dle, &>c. Syenite took its name from one of these localities, near 
Syene. North of Syene succeeds a region of sandstone, which ap- 
pears to belong to the more recent of the secondary rooks. This 
IS succeeded by the limestone tract, which reaches from Thebef 
several days' journey south. Between Thebes and the Medi- 
terranean, the country is wholly alluvial. On the west side of 
the Nile are the most remarkable examples of dunes that aie 
known. 

Nubia and Abyssinia. 

Descr, Of the latter country nothing of impoirtanoe is known re^ 
spectiDg its geology, though some gold has been found, and largis 
quantities of salt are obtamed from a large plain ; perhaps the site 
of a former salt lake. In Nubia, travellers mention granite, syen- 
ite, porphyry, sandstone, and limestone; and formerly mines of 
gold were wrought there. 

Barbary; or^ Northern Africa^ 

Descr. The greater part of northern Africa is a lefvel, sandy 
plain. . But the chain of Mount Atlas extends nearly a<»*0S8 the 
whole of Barbary from west to east, and rises to the height of 
13,000 feet Its higher parts are composed of granite, gneiss, 
mica slate, and clay slate. The northern part (^ the chain is 
composed, in a great measure, of calcareous rocks, resembling the 
lias, though sometimes approaching the transition limestones. 
Secondary sandstones also ooour, and above these^tertiary strata. 
Among the seoondary and tertiary formations, trap reeks are 
included. Salt spriiigs and gypsum are found. 
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WaUrn Africck. 

Ik$cr, Thin embnoes the west coast of Africa, from the rivef 
Senegal in 18^ north latitude, to the riyer of Baigaela in 18^ 
south latitude. Little is known of its geology. The hills around 
Sierra Leone are granitic. The district throng which the river 
Zaire flows, is composed of gneiss, mica slate, clay slate, crystal- 
line limestone, mnite, syenite, and greenstone. Not a little gold 
(estimated in Uie beginning of the last century from £200,000 
to £300,000 sterling anmudly,) is obtained from the interior, 
especially idong the gold coast, and at the head of the Senegal and 
Gambia riyers. In Angola are yery extensiye deposits of s^t, and 
some iron and copper. 

Strntkem Africa. 

Deter. The southern part of Africa is crossed by three ranges 
of mountains, running parallel to the coast ; the height increasing 
towards the interior, till the innermost range rises 10,000 feet 
North of these mountains are extensiye table lands. The rocks 
composing these mountains are gneiss, clay slate, graywacke, quarti 
rook, and sandstone. Sandstone is most abundant ; and this forms 
most of the rock in the table land beyond the mountains, as far 
north as 30^ of latitude. Its strata are usually horizontal, and 
they giye a tabular shape to the summits of the mountains. Table 
Mountain at the Cape of Good Hope, is formed in this manner. 
Through these rocks are found protruding masses of granite, as 
well as basalt, pitch stone, and red iron ore. The relative situa- 
tion of all these rocks is like same as in Europe. 

Bcutem and CmUral Africa^ and Sahara^ or the Great Desert. 

Deter. Nothing appears to be known of the geology of the east- 
em side of Africa. Of Central Africa, which is traversed by the 
mountains of the Moon, much more is known. The more elevated 
parts consist of gneiss, mica slate, quarts rock, hornblende rock, 
clay slate, and limestone ; traversed by granite, greenstone, and 
other trap rocks. At Goree are fine examples of basaltic columns. 
Extensive beds of rock salt are quarried m Soudan, and salt and 
natron lakes occur. It is also from this country that most of the 
fiold carried to the western and the eastern coast is obtained. The 
Great Sahara, or Desert, is chiefly covered with qoartzose and cal- 
careous sand, and is the most desolate region on the globe. Oo- 
oasioaally, however, the rocks rise through the sand, and are found 
in the eastern part to consist of limestone and sandstone, contain- 
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ing rod^ salt and gypsmn, and trayersed by trap rooks. Whore 
^0 Sahara reaches the coast, the rocks are ohiefly basalt 

African Islands, 

• 

Descr. A large proportion of the islands around Africa are yol- 
canic, and are composed of lava or basalt. Of this description are 
the Azores, the Canaries, where the yolcanic peak of Tenerifife 
rises to the height of 12,000 feet; also the Cap(' Verd islands, St. 
Helena, Bourbon, &c. 

AMERICA. 

Descr, The longest chain of mountains on the globe, and with 
one exception the highest, traverses the whole length of this conti- 
nent near its western side. In South America it is called the An- 
des, or Cordillera ; on the isthmus of Panama it sinks into a com- 
paratively low ridge, but rises into the table land of Mexico and 
Guatimala, 6,000 feet high ; and some conical peaks shoot up much 
higher. Beyond Mexico this chain is prolonged in the Bocky 
mountains, which rise in some places about 12,000 feet. This 
chain continues nearly or quite to the Northern Ocean. Parallel 
to the Atlantic, the Appalachian, or Alleghany mountains traverse 
the United States, rarely rising more than 6,000 feet, and usually 
not more than 2,000 or 3,000 feet. Detached branches from these 
mountains extend irregularly into Canada, Labrador, and around 
Hudson's Bay. The mountains which form the West Indies may 
be regarded as the southerly prolongation of the Alleghanies. 
Beyond the delta of Orinoco, they appear again in numerous 
ridges in Guiana and Brazil, extending to the La Plata. 

Descr. America is distinguished by vast plains as well as grand 
mountains. One of these lies along the Atlantic, of variable 
width, through the whole of the United States, extending to the 
Appalachian ridge, and occupying a wide extent through the whole 
of South America. A similar plain, but much narrower, occupies 
the western side of the continent. But the most extensive plain 
is the vast region lying in North America between the Appala- 
chian chain and the Bocky Mountains. Another, almost equally 
vast, occurs in the heart of South America. In its northern part 
is a vast expanse along the Orinoco ; and in the southern part are 
the immense Pampas of La Plata. 

South America, 

Descr, The basis of the vast chain of the Andes is composed 
essentially of gneiss and granite ; but these ire covered by an im- 
mense deposit of ancient volcanic rocks ; such as pyroxenic por- 
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The elevated table lands in the Ticinity of this range, are covered 
in a measure by foflsiliferous limestone, which occurs from 9,000 to 
14,000 feet above the ocean ; and by new red sandstone, embracing 
ores of copper and gypsam. The lower table land is covered by 
diluvial detritus, enibraoing gold. The mountains in the centrsd 
parts of America, lying east of the principal Cordilleras,' are in a 
measure composed of various slates, with quartz rock and sand- 
stone ; the central axis being usually azoic, and the slopes the older 
fossiliferous. The plains between the different chains are exten- 
sively covered bytertiarv strata. These strata, with white marl 
analoffous to tae lower <malk, and a sand like the green sand, are 
well developed on the shores of Patagonia. Indeed, the chalk 
formation has an immense development in South America, and 
rises in some places nearly to the height of 13,000 feet. JDe Bttch^s 
Petrifactions receuillies in Amerique^ <^., p. 18. In Brazil, gran- 
ite frequently abounds in the lower parts of the country, as well as 
in the mountains, where it is associated with nearly every other 
stratified and unstratified rock of the hypozoic group. In short, 
nearly every stratified and unstratified rock on the globe, from the 
oldest to the newest^ from granite to lava, and from gneiss to allu- 
vium, are developed in South America on a magnificent scale, and 
ooci^y the same relative position as in other parts of the ^obe. 
HumOoldt on the Superposition of Rocks : Bozet^s G^Iogie^ 
p. 525. 

Rem. Mr. Darwin's " Geological Observations on South Amer- 
ica, (London, 1846,)" contain more just views and interesting fsuits 
respecting that continent, than all other books. But to present 
even the leading points would occupy too much space for this 
work. Several of them are developed in the " Outline of the G^ 
olo^ of the Globe," p. 57 to 67. 

jDescr, South America has long been celebrated for its mines 
of gold, silver, platinum, and diamonds. In Chili, the annual pro- 
duce of the gold and silver mines is about $8,500,000. More &an 
a hundred copper mines exist, and are much more profitable than 
those of gold and silver. Mines of quicksilver, lead, tin, iron, and 
antimony, also exist there, as well as deposits of nitre, rock salt, 
and coaL But mining operations are at present in a wretched 
state ; owing to wars and political convulsions. 

Descr. Brazil is most celebrated for its gems, especially its dia- 
monds. They are mostly explored in the beds of rivers by wash- 
ing the soil. Upon the first discovery of these mines, they sent 
forth a thousand ounces of diamonds, which affected the market 
powerfully. At present the annual produce is about 22,000 carats, 
or 183 ounces. The Brazilian topazes and emeralds are very fine^ 
as wcU as the chryaoberyl, amethyst* and quarts crystals. Gbld is 
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ores are likewise abundaat ; and deposits of ocmunon salt and nitre 
occur. 

Descr, Colombia affords some diamonds; also emeralds, sap- 
phires, hyacinths, precious garnets, turquoises, and amethysts. 
Oreat expectations have also been excited reacting gold and sil- 
yer; but from 1810 to 1820 only $2,000,000 were annually coined 
from the native metal ; but much more might be obtained witii 
proper management. Copper and quicksilver mines are wrought, 
as well as^ tin and rock salt ; the latter yielding a revenue of 
$150,000. 

Descr., Peru, including Bolivia, or Upper Pern, is one of l^e 
most remarkable regions on the globe for the precious metals. 
€h>ld, silver, and mercury, are the most important. The silver 
moimtain of Potosi alone yielded, in 225 years, no less than 
$1,647,901,018; and yet but a small part of it has been exca- 
Tated, the whole mountain being a mass of ore, and it is 18 miles 
in circumference. One mine of quicksilver is 70 feet thidk, and 
formerly yielded an immense amount. The other mines of gold 
and silver are very numerous ; but their produce is much less than 
formerly, on accouiit of the imperfect manner in which they are 
wrought. There are also mines of copper, lead, tin, and rock salt 
Most of the mines are situated in the eastern range of the Andes, 
which consists of mica slate, syenite, porphyry, new red sandstone, 
and oolite. 

WeA Indies. 

Descr. These islands appear like the fragments of a former con> 
tinent; and most of diem contain mountains, which, in Cuba, 
Hayti. "^d Jamaica, rise to the height of 8,000 or 10,000 feet. 
The highest mountains in Cuba are mica slate, and through the 
secondary formations of the lower regions, project gneiss, granite, 
and syenite. Veins of gold, silver, and copper, also occur here, 
and coal exists in a vein, which is a very rare occurrence. Phih- 
sopkUxU Magazine^ vol. 10, p. 760. In the south part of Hayti 
is a mountain of granite. The highest part of Jamaica is com- 
posed chiefly of graywacke with trap rocks. Upon these lie red 
sandstone, marl, and limestone, with trap and porphyry; the whole 
covered by drift and alluvium. The eastern part of the Carib- 
bean group, as Tobago, Barbadoes, Antigua. Bermuda, &c., are 
Erincipally composed of limestone, probably tertiary. Antigua 
as been described minutely by Dr. Nugent, Transactions of the 
€reol(^gical Society, vol. 5, and more recently by Prof Hov^, 
American Journal of Science, vol. 35, p. 75. It consists of gray- 
wacke, (indurated day of Prof. Hovey^) recent oaleareeos depot- 
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iUMf and trap. Lying above ilie graywadce is a ranguhr sQioeoiii 
dapoMt embraeiDg an immenae nomber of silknfied trees of ewtrj 
sise, up to 20 inches in diameter ; along with vast numbers of 
shells. These form most splendid agates, and admit of a hi^ 
polish. (Seeine spedmens in Frrf, Hamiif* Cabmet begueathed 
to Amherst College.) 

Deter. Prof Hotoj has also giyen an interesting aooonnt of the 
cedlogj of 8t Groiz. Am. Journal of Science^ voL 35, p. 64. 
He finds there the same stratified formations as ooenr in nearly all 
the West India islands ; yis. graywaeke, and tertiaty and alluyial 
jmestone ; bat nnstratified ro^ are wanting. The tertiary strata 
sonsist mostly of limestone, more or less indurated, and abonnd- 
ing in shells and corals ; many of which are identical with those 
now liybg in the ocean. A similar deposit is now forming upon 
the shores; and it was in this receat deposit that the human 
skeletons, now in the British museum and garden of plants, were 
found. (Numerous specimens of the rocks and fossils of St. Oroix 
and Antigua may be seen in Prof. Hovey's collection above re- 
ferred to.) 

Deecr. The western parts of the Caribbean islands are mostly 
volcanic ; suoh as Grenada, St. Vincent, St. Lucia, Martinique, 
Dominica, Guadaloupe, Montserrat, Nevis, St Christopher's and 
Jamaica. On some of these islands no eruption his occurred 
within the historic period ; but craters are visible, and trachytie 
and basaltic rocks are common. 

JDescr, Trinidad is a continuation of the continent, and consists 
mostly of hypoEoic rocks. The &mous Pitch Lake, three miles in 
circumference, has already been described. 

Ghiatimcda and Mexico. 

Rem. The geology of Guatimala is very similar to that of Co- 
lombia, on the south, and of Mexico on the north ; being in fact 
the same as that of the Andes generally ; and, therefore, in this 
brief sketch nothing farther need be added, except to say that this 
country contains mmes of silver and of sulphur. 

De$cr. Mexico consists mainly of a vast and very elevated table 
land ; being in fact a flattening down of the Andes on the south, 
and the Rocky mountains on the north. This vast plain 1,500 
miles over, is occasionally diversified by an elevated insulated 
peak, which is often a volcano recent or extinct. The basis of the 
country seems to be azoic rocks, suoh as gneiss and granite ; but 
its upper portion is covered with porphyry and trachyte. Second- 
ary sandstone and limestone also occur. A line of volcanos, of 
which there are five prinoipal vents, traverses Mexico from east to 
west, about in the latitude of the capital. 
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Dsscr, The rocks of Mexico are rich in gold and silver, par- 
tionlarlj the latter. They occur in veins traversing clay slate and 
talcose slate, transition limestone, graywacke, and porphyry. New 
Spain yields annually 1,541,015 pounds troy, of silver; or two- 
thirds of the silver which is ohtained on the whole globe ; and ten 
times as much as is produced by all the mines of Europe. The 
number of mines is 3,000. The quantity of gold annually obtained 
is only 4,315 pounds troy. Tin, copper, lead, mercury, and iron, 
are mined in Mexico to some extent, and the ores are abundant. 
Beds of rock salt occur on the Bio Colorado. 

United States and British America, 

Rem, In the " Outline of the Geology of the Q-lobe," I have 
gone into a somewhat extended account of North American Geol- 
ogy (p. 71 to 126) I feel it the less necessary therefore to givo 
more in this place than a brief outline. 

1. Pacific side oftJte Continent and its Northern parts. 

Descr. The Rocky Mountains are probably the northern pro 
longation of the Cordilleras. They rise to the height of more 
than 13,000 feet, and have a basis of hypozoic rocks, which, how- 
ever, are covered and flanked in many places by the older fossilif- 
erous slates and even by tertiary strata. Igneous rocks occur 
along their western slope, and probably some active or recently 
active volcanos. On Mackenzie river, brown coal occurs in ter- 
tiary clay. The coast of the Arctic Ocean, from Cape Lyoq to 
Copper Mine river, is composed of clay slate overlaid by trap 
rocks; and most of these northern regions are strewed over wim 
drift, composed of limestone, granite, porphyry greenstone &o. 

Descr. The Sierra Nevada mountains in California run nearly 
parallel to the Rocky Mountains, from which they are separated by 
a wide desert in which is situated the great Salt Lake of Utah, 50 
miles long and 30 broad, its waters saturated with salt. Metamor- 
phic rocks, such as talcose and other slates, with comparatively re- 
cent igneous rocks, constitute the Sierra Nevada chain, and between 
that and the Pacific are tertiary deposits with some volcanos. 

Descr, Gold was discovered in California in 1847 in the beds 
of the streams that issue from the Sierra Nevada Mountains on 
their west slope, and from the Sacramento and San Joaquin rivera. 
This discovery, it is well known, has attracted a vast crowd of ad' 
venturers to the Pacific coast, which is rapidly becoming populous. 
The amount of gold obtained there in 1848 and 1849, was not less 
than $40,000,000. It is thought tha^^ $75,000,000 were obtained 
in 1851. 
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Deter. Naiar th« head of Saknon rirer, on the west dde of the 
Bociky Movniaiiui, Ber. Mr. Parker saw a bed of pure rock aalt^ 
ameog strata wkiok he am reaemble the deaeription of those ai 
WieUoaka, in Poland. £fe need the aalt and found it good. The 
great nit lake in the same region farther south, ocmtains so mueh 
salt that it is deposited in large quantities on the shore. Epsom 
salts oeeur also, on both sides of the Bocky Mountains, in thick 
inemstations in the bottom of ponds, which hare been evaporated 
in the Maimer. Eiiploring Tbur beyond ike Rocky Mountains^ 
]^ Z2S^ eeamd Edition. iisAoca, 1840. Beds of rook salt occur in 
other places besides *those mentioned above, west ci the Bocky 
MountainiLand of great thickness. Pfxf. H. D. jRc^^' R^portto 
the Brititk Aseodation at the JFburth Annual Meeting, 



2. Atlantic side efihe Continent, 

Deecr. In proceeding south-easterly from the coast of Labrador, 
we meet ere long with ranges of mountains, at first not hieh, hav- 
ing a south-west and north-east direction. On the south wore of 
the St Lawrence they become very elevated, forming in &ct the 
north-eastern termination of the Alleghany range. In the northern 
part of Maine they rise to the height of 5,300 feet ; and in New 
Hampshire, (the White hills) 6,620 feet The western «de of this 
range forms the eastern sides of Lakes Ghamplain and George, 
and the valley of the Hudson river. The range occupies all New 
England, and extends south-westerly into the middle and southern 
States, crossing the Hudson at the Hi^ands ; and in Penne^lvanis, 
Maryland, Virginia, North Oarolina, South Carolina and Tennessee, 
forming several parallel and lofty ranges of mountains ; four of 
which are sometimes reckoned ; distmguiwed as well by their physical 
foatores, as bv their geology. The most easterly, Prof. Bogers 
denominates the Eastern system of mountains ; the next in order, 
the Blue Badge system ; the third, the Appalachian ; and the las^ 
the AUeghany system. They rise in Black Mountain in North 
Oarolina, to the £ei^t of 6 476 feet, and in Boan Mountain, 6,234 

iMt 

Descf, On the north shore of the St Lawrence, are two ranges 
of mountains running parallel to the river ; one at the distance of 
16 or 20 miles, and &e other 200 miles <]dstant On the west side 
of Lake Ohamplain, is a remarkable development of these moun- 
tains in Essex county in New York, where they rise to the hei^t 
of 5,400 feet From Essex county these mountains stretch to 
Eanrston, in Upper Canada, where they become blended with 
anower low range, whidi has been traced along the northern shores 
of Ontario and Huron, and to the west of Superior, and probably 
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extends nearly or quite to the Bodky Monntains. These lattw 
moiuitains fona the western bonndarj of the region under con- 
sideration. 

Descr, The vae^ region of compastitively level oountry between 
the Kooky and Alleghany Mountains, forms the vaUey of the Mis- 
sissippi, which extends from the centre of Alabama, probably to the 
Arctic Sea ; being not less Uian 2,000 miles long and 1 ,200 miles 
broad, and embracing more than 2,500,000 square miles. At its 
southern extremity, this valley unites with the Atlantic elope. 
This slope is several hundred miles wide at its southern extremity) 
but becomes gradually narrower until it tenninates at New York ; 
with the exception of Long Island, Nantucket, and Martha^i 
Vineyard. 

Ikser, The way is now prepared for explaining the simple and 
^and outlines of the geology of this wide r^on. All the moun- 
tainous region east of Hudson river, even to Labrador, with some 
few exceptions to be notioed subsequently, is composed of asoie 
rocks ; such as gneiss, mica slate, taloose slate, quartz rock, and 
limestone ; intersected and upheaved by granite; syenite, porphyry, 
and greenstone. South of the Hudson, this asoic range is con- 
tinued, as the Highlands, through New Jersey and Pmmsylvania, 
where it terminates. Its south-eastern border passes near New 
York City, including Staten Island, and extending to Perth Am- 
boy. Here it is covered by red sandstone, until near Trenton it 
reappears and forms a second band of azoic rocks, parallel to that 
just desmbed as terminating in Pennsylvania, and separated from 
it by a trou^ of red sandstone. This most easterly belt, from 80 
to 100 miles $nde, ranges through Virginia, North and South 
Carolioa, and Georgia, as far as Alabama river, wh^e it passes 
baieath the alluyium of the Mississippi valley. On the south-east 
side, these rocks are eovered by the cretaceous and tertiary strata 
of the AUantie slope. 

Deicr, The mountams of Essex county, on the west of Lake 
Champiain, are composed chiefly of Labrador felspar and hyper- 
Sthene rode ; similar to the roebs in the northern part of Lower 
Canada, and the coast of Labrador ; and a similar rock is fbund 
north of the lakes in Upper Canada ; and occupying a large space 
soutii of Lake Superior in the western peninsula of Michigan ; so 
that probably they may form a eonnected range almost to the 
Mississippi. Nearly all the rocks in Upper Canada appear to be 
hypozoic. 

Descr. It appears then, that the great central basin of the United 
States is surrotmded by azoic rocks, except on the north and south. 
The rocks ^rinch rest on the azoic over jnost of this area consist 
of the varieties of those great groups formerly denomhmted gray- 
waoke, old red sandstone, and the carboniferous or coal formation. 



996 VHITBD STATS8 AND BRmSH AXCRICA. 

The tia^ it now called the Upper and Lower Silurian System; 
and iho ieoond, the Devonian System. In this oonntry, howevw, 
the Silurian System has been oalled the New York System, and 
the Appalachian PalsBOtoic System. The snbdiyisions of these great 
groups will be foond npon the Table of yarioos Classifications 
affixed to the first section of this work. But the extent whidi 
they occupy, can be learnt only by a Geological Map ; such as the 
outline of the Geology of the Globe contains. 

Deter, Gypsum is found in most of the Atlantic States south 
and west of New England, and also in Nova Scotia. But in most 
cases it is connected w^th rocks beneath the coal measures, and not 
in the trias, as in Burope. Oapt Marcy, howeyer, in exploring the 
sources of Bed riyer in 1852, has traced out a deposit of this sub- 
stance extending from the Canadian riyer in 99^ W. Longitude 
nearly to the Bio Grande, at least 350 miles long and from 50 to 
100 miles broad. It is interstratified with red and yellow days, 
sandstone and limestone, and belong, probably, to the cretaceous 
formation. Bxceptmg South America, perhaps, I know of no other 
deposit of gypsum as extensiye as this in any country. 

Descr. Eighteen miles from Abingdon, Virginia, a bed of rock 
salt was discoyered a few years since, in digging a well. First 
came 50 to 60 feet of soil, then 160 feet of gypsum, and next the 
salt 60 or 70 feet thick. Am. Jour, Sci,, yol. 41, p. 215. Near 
the sources of St. Peter's riyer, ibis side of the Bo(^y Mountains, 
Deyil's lake, more than 40 miles long, is as salt as the ocean. 

Descr. The Carboniferous Limestone is deyeloped around 
nearly all our great coal fields on a larffe scale, and it occurs also, 
we know not how extensiyely, around me Salt Lake of Utah. 

Descr, The yast extent of the coal fields of the United States 
has been sufficiently described in the third Section. From the 
explorations of the military expeditions sent out into our western 
country by the Goyemment, and from other trayellers, I haye as- 
certained the existence of beds of bituminous coal on the Brazos 
riyer at Fort Belknap ; of coal like anthracite on the north branch 
of the Platte riyer, over a space of seyeral degrees of longitude ; of 
brown coal in 107^ Long, and 41')-^ Lat. ; of bituminous coal in 
Long. 105^ and Lat. 41^ ; and of anthracite on the Arkansas 
riyer, 500 miles from its month. In 1852, 1 described a bed of 
brown (tertiary) coal at Brandon, Vermont Whether these beds 
are connected in any cases, remains to be ascertained. 

Descr. It has been intimated that there are some exceptions to 
the general statement that the whole country between Hudson 
riyer and Labrador is hypozoic. Thus, along the St. Lawrence is 
a deposit of Lower Silurian rocks. The Upper Silurian occupies 
a considerable part of New Brunswick and Noya Scotia ; and some 
of the eastern part of Maine ; connected with trap and gypsum, 
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and 8& t spriogs. In New Bnuswick and Nova Scotia, as already 
observed, we have large deposits of carboniferous rocks. In 
Rhode Island and the eastern part of Massachusetts, are inter- 
rupted patches of metamorphio coal measures containing anthra- 
cite. In the valley of Connecticut river also, strata of red sand- 
stone occur, with protruding greenstone. 

Descr, In going south of the Hudson river, the same red sand- 
stone just described, as occurring in the valley of Connecticut 
river, appears in New Jersey ; where it forms a wide belt south- 
east of the Highlands. Thence it passes through Pennsylvania, 
from Bucks to York counties ; thence into Frederick county in 
Maryland; thence into Virginia; thence into North Carolina; 
and probably still farther south. Throughout the whole extent 
of this deposit, from Nova Scotia to Virginia, ores of copper, bitu- 
minous shale and limestones, and protruding masses of greenstone, 
are associated with it. In Virginia the deposit appears to bo 
emmently calcareous ; and one of its lowest beds is the well-known 
brecciated Potomac marble. 

Descr, I have for many years been in the habit of regarding 
this rock as the equivalent of the European new red sandstone 
formation ; and have so named it in my reports on the geology of 
Massachusetts. The geologists of our country have generally 
adopted this opinion. And the more I examine, the stronger evi- 
dence I find, that it is the new red sandstone. There is not room 
in this work, to state fully the grounds of this opinion. But the 
main argument is as follows : Profs. W. B. and H. D. Bogers 
seem to have shown, that this rock in New Jersey, Pennsylvania 
and Virginia, lies above the coal formation. Now, in Massachusetts, 
Connecticut, and New Jersey, fossil fishes have been found in it 
with heterocercal tails, of the genus Palaeoniscus. Hence, accord- 
ing to Agassiz, this rock must be older than the oolite ; because 
fish with such tails do not occur as high as the oolite. If, there- 
fore, this formation lies above the coal formation and below the 
oolite, it must be the new red sandstone, either trias or Permian, 
or both. 

Descr. Prof. W. B. Rogers has found that the sandstone con- 
taining beds of workable coal near Richmond in Virginia is of the 
age of the European oolite. This is proved by the vegetable re- 
mains occurring in it. But nowhere else in this country has this 
formation been identified. Very extensive strata occur, however, 
which have been referred by our geologists, on account of their 
organic remains, to the cretaceous group. They are entirely 
wanting in chalk, which gives the name to the European series ; 
and consist in this country of sands, sandstones, marls, and lime- 
stone. In New Jersey, Delaware, and Maryland, they are ohar* 
aoterized by the green sand, which is so valuable as a fertilizer. 
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Afftfiar Miitli they oratirt almoifc whoUj of mirls and limesloiie& 
From these etrate Dr. Morton has enumerated 108 speoios of 
■oophjta, moUosca, and echinodermata ; only one of whkk is 
common to this ooontry and Europe. But there is such a resem- 
blaaoe between the genera, and those of the chalk, that it is sup- 
posed the rocks must belong to the cretaceous period. Serml 
interesting genera of sanrians, tortoises and fishes, also occur m 
these rocks; among which are the plesiosanms, ichthyosaurus, 
mososanms and tluB batradiiosaarus. Among the &he8 are 
several q>eoie8 of shaiks; some of which are c<Mnmon to the chalk 
of England. 

Doer, The cretaoeous rocks of this country probably commence 
as far east as the islands of Nantucket and Martha's Vineyard, 
which they may underlie, as well as Long Island ; although hidden 
by drift and tertiary strata. They occupy a wide belt of country 
from New Jersey to Alabama; and much surface, also, in Mis- 
sissippi, Louisiana, Tennessee, Arkansas, and according to Mr. 
Nicollet, extend from Council Bluffs on the Missouri, 1,000 miles 
along that riTcr, to the mouth of the Tellow Stone. 

De9cr. The principal tertiary deposits of the United States 
oeonr along the Atlantic coast of the southern States, to the south- 
east of the cretaceous rocks just described. These tertiary groups, 
howerer, commence as far east as the island of Martha's Vineyard, 
on the coast of Massachusetts ; where they are well deyeloped, and 
seem to belong to l^e miocene or eocene period. They next ap- 
pear in the south-east part of New Jersey ; from whence ihej ex- 
tend almost continuously through the eastern portions of Dela- 
ware, Maryland, Virginia, and North Carolina ; and in interrupted 
patches through South Carolina, Georgia, Alabama, Mississippi, 
and Louisiana. Mr. Conrad and others suppose that they are 
able to distinguish in this Tast area of our tertiary formations the 
three groups which are recognized in Europe : ris. the newer plio- 
cene, the miocene, and the eocene. 

Dexr. An extraordinary eocene tertiary deposit has been brought 
to light in the territory of Nebraska, by the geological survey of 
Professor Owen. One of his assistants, Mr. Evans, penetrated to 
a region called the MoMvaises Terres, or Bad Lands on Wh^ 
river, and there, in a deep basin, 300 feet below the general level, 
he found ^* thousands of abrupt, irregular, prismatic and columnar 
masses, frequently ci^ped with irregular pyramids, and stretching 
up to a height of from 100 to 200 feet or more. So thickly are 
these natmnd towers studded over the sur£eice of this extraordinary 
region, that the traveller threads his way through deep, confined, 
labyrinthine passages, not milike the narrow, irregular streets and 
lanes of some quaint old town of the European continent." A 
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flketoh of this singular soene is ^ven by Prof. Owen, and forms a 
frontispiece for this work. 

Descr, But Uie most interesting faets there brought to light are 
the bones of numerous extinct quadrupeds, some of them of enor- 
mous size, and differing from all fossil animals hitherto described, 
though of the same families. A species of Rhinoceros and Tiger, 
large Tortoises, a Paleotherium, 18 feet long and 9 feet high, the 
Archeotherium the Oreodon, Machairodus, &o., are described 
by Dr. Leidy ; and doubtless many more will soon be brought to 
light from this singular fresh-water deposit, where some of the 
same genera of animals occur as in the tertiary strata around the 
city of Paris. 

Descr. The drift of the United States has already been suffi- 
ciently described in Section YI. 

Descr, The most extensive alluvial deposit in this country is the 
Delta of the Mississippi. But similar deposits exist along the 
banks and at the mouths of all our larger streams. 

Descr, Either in alluvium, or drift, the following extinct species 
of the higher orders of mammalia have been found. Ekphas 
primigenvus occurs in Kentucky, South Carolina, New Jeraej, 
Vermont, Maryland, and Mississippi ; mastodon maxioms in Ken- 
tucky, New York, Virginia, New Jersey, Connecticut, Mississippi, 
Ohio, Indiana, and most of the western States ; megatherium on 
Skiddaway island, coast of Georgia ; megalonyx in Virginia and 
Kentucky ; several species o{ ax m. Kentucky and Mississippi ; 
certms Americasvus^ or fossil elk, in Kentucky and New Jersey; 
ivalrus in Virginia. Mr. Cooper estimates that the specimens 
already carried away from the Big Bone Lick in Kentucky, must 
have belonged to 100 skeletons of mastodon, 20 of the elephant, 
one of/the megalonyx, 3 of the ox, and 2 of the elk. 

Descr. No evidence of volcanic agency in this country east of 
tbe Booky Mountains, since the protrusion of greenstone, has yet 
been found. Pumice does indeed float down the Missouri ; but it 
probably comes from the Bocky Mountains. Thermal springs also 
occur on the western borders of Massachusetts ; and near Seneca 
Falls in New York; and Dr. Daubeny considers the mineral 
springs at Ballston and Saratoga as thermal ; likewise numerous 
and su>undant springs west of the Blue Eidge in Virginia, whose 
maximum temperature is 102^ F; in Buncombe county, North 
Carolina, with a temperature of 125^ ; in Arkansas near the river 
Washita, 200 miles west of the Mississippi, where are not less than 
70 springs with a temperature from 118^ to 148^. Daubeny's 
Sketch ^the Geology of North America^ Oxford^ 1839, p. 6a 

Descr, The mineral resources of the United States and the 
British possessions have as yet only beigan to be' developed. The 
most important mineral in an economical point of view, ia coal ; 
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bat the extent of our coal fields and minisg operations has already 
beeo giTen on pages 73 and 398. Details respecting the brine 
springs of the western States and Upper Canada have likewise 
been presented on page 234. The coast of Massachusetts and 
Maine famishes a yast sapplj of beautiful granite. Vast deposits 
of the most beautiful porphyry also occur in Massachusetts, and 
of serpentine and steatite in various States ; as well as inexhaust- 
ible supplies of crystalline and compact murbles. 

Deter An extensive deposit of gold exists in the hypozoic range 
of strata extending from the river Coosa in Alabama, to the Rap- 
pahannock river in Virginia. The metal occurs in veins of porous 
quarts, traversing gneiss, mica slate, and especially talcose slate. 
It is found also in the detrital deposit cov^ing the rooks. Silver 
has sometimes been found in connection with the gold, as well as 
lead and copper. Bven as fur north as Somerset and Bridgewater 
in Vermont, gold occurs in the quartz traversing taleo-micaceous 
slate; and probably it exists in the space intermediate between 
this plaoe and Virginia. The value of gold sent to the mint from 
the gold region of the United States from 1823 to 1836, was 
$4,377,500 ; and it was thought that this was not more than one 
half of the actual product of Uie mines. 

Desor, In the north-west part of the United States occurs one 
of the most remarkable deposits of lead in the world. The rock 
containing it is a member of the Lower Silurian. The extreme 
length of this lead region, from east to west, is 87 miles, and its 
greatest breadth, 54 miles; covering about 80 townships, or 2,880 
square miles. It lies chiefly in Wisconsin, embracing a strip of 
eight townships in Iowa, and ten townships in Illinois. In 1839, 
it produced 30 million pounds of lead, and is probably capable of 
yidding 150 million pounds annually, or more than is obtained in 
all Europe. Lead exists also in considerable quantity in other 
parts of the United States ; as in Hampshire county, Massachu- 
setts, in Eossie, New York, i&c. Dr. Owen's Report on the Min- 
ercU Lands of the United States^ 1840. 

Descr, The same region at the west that yields the lead, is also 
rich in copper ore, which has not yet been so extensively worked 
as the lead, for want of a market. At the Mineral Point Mines, 
however, upwards of a million and a half pounds of copper ore 
have been raised, (hcen's Bjeport^ p. 40. Great quantities of 
zinc occur also in the same region, although neglected ; and the 
same metal is usually associated with galena throughout the coun- 
try. 

Descr. Another remarkable deposit of copper exists in the west- 
ern part of Michigan, oc the south shore of Lake Superior. South 
of this district, masses of metallic copper have been found in the 
drift over an area of several thousand square miles. A single 
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mass on the Ontonagon riyer contains about four tons of copper 
which has lately been carried to Washington. According to Fos- 
ter and Whitney, in their Report made in 1850, nineteen mines 
have been more or less wrought In 1849 the amount of copper 
extracted was 1,200 tons; and in 1850, they suppose it to have 
been 2,000 tons. Masses of native copper hare been uncovered, 
weighing 50 tons. A similar region of copper is said to exist on 
tiie north shore of Lake Superior. 

. JDescr, Copper, both native and as ore, is common in the trap 
and new red sandstone in Massachusetts, Connecticut, New Jer- 
sey, Virginia, &c. ; but it has not yet been extensively explored. 
Tin has been found in small quantity in Massachusetts, Connecti- 
cut, and New Hampshire, but not in large quantity. 

Descr. The deposits of ^specular iron ore in Missouri are among 
the largest on the globe. They are connected with porphyry, and 
are separated from the metalliferous transition limestone of that 
region, by a deposit of granite with trap dykes, six miles in widtL 
PUot Ejiob, which rises 500 feet, is partly, and the Iron moun- 
tain, 300 feet high, and two miles in circumference, is entirely 
composed of this ore. Vast deposits Of iron ore exist also in the 
northern parts of New York, and sufficient for present use is found 
in almost every part of the country. The hypozoic regions of New 
England, New Jersey, and Pennsylvania, abound especially in the 
magnetic oxide. In 1840 the quantity of pig and bar iron manu- 
factured in the United States was 84,136 tons. In Nova Scotia 
are valuable mines of iron. 

Descr, The gems or precious stones of this country have as yet 
excited but little attention, because the expense of cutting them 
here is so much greater than in Europe. Hence we cannot say, in 
many cases, whether our localities will furnish elegant specimens 
or not. It may be well, however, to mention the most import- 
ant Prof Shepard has discovered the diamond in North Caro- 
lina. Amer, Jour, fifcz.*, vol. 2, p. 253, Second Series. The blue 
sapphire occurs in Orange County, New York, in New Jersey, 
North Carolina, and Connecticut ; the chrysoberyl at Haddam in 
Connecticut, and in Saratoga County, New York; the spinel, 
especially the blue variety, in Orange County, New York ; as well 
as in Massachusetts ; the topaz at Monroe in Connecticut, in great 
quantity, but coarse ; the beryl in a variety of places ; but pure 
enough for jewelry, at Royalston in Massachusetts, and at Had- 
dam in Connecticut (at the former place a rare variety can hardly 
be distinguished from the chrysolite) ; the zircon or hyacinth in 
the northern part of Vermont, in New York, in Canada, aod North 
Carolina ; the garnet in almost every part of the azoic region of 
our country ; and the pyrope especially of great beauty, at Stur- 
faridge in Massachusetts; the cinnamon stone, a variety of garnet, 
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fti Oarlitle in the nme Btaie ; the green and red tonrmaline, of 
great beanlj, at Paris in Maine ; also at Ohesterfield in Maasa- 
draaetta; limpid qnarte at Little Falls and Fairfield in New York, 
and a mnltitade of other looalitiea; the smoky quartz in a variety 
of plaoes, a9 at Oanton in Gonneotieat, Williamsbnrgh and Brook- 
fteld in Massaohosetts ; the amethyst in Nova Seotia is very fine, 
and at Bristol in Rhode Island, and many other places ; jasper m 
a great variety of plaoes; homstone and ohaloedony ox varions 
sorts, forming agates, in the trap ranges of the eastern States, 
along the shores of Lake Superior, &o. ; ehrysoprase at Newfane 
in Vermont; iolito at Haddam in Gonneoticut, and Brimfield in 
Massaehvsetts; adularia of various eolors in Brimfield, South- 
bridge, &o., in Massaohusetts ; labradorite in Essex Gounty, New 
York, and hypersthene at the same place ; kyanite at Ghesterfield 
in Massaehnsetts; fluor spar in the northern part of New York; 
Satin spar at Newbury, &o., precious serpentine at the same place; 
red oxide of titanium at Middletown in Gonneoticut, and Windsor 
and Barre in Massachusetts. 

Gfeneral Ififerences, 

Inf. 1. It appears that the axes of all the principal chains of 
mountains on the globe are composed of hypozoio rocks, stratified 
and unstratified ; while the fossiliferous series lie upon their flanks, 
at a lower level; and the tertiary strata at a still lower level. 

Inf, 2. Hence a similar process of the elevation of continents at 
successive epochs, has been going on in all parts of the world. 

Inf, 3. Hence there is everv reason to believe that continents 
once above the waters, have sunk beneath them, as those now above 
the waters were gradually raised; for since the quantity of matter 
in the globe has always remained the same, its diameter cannot be 
enlurged permanently; and therefore as one part rose, other parts 
must sinL 

Inf. 4. Hence the geology of any district that embraces all the 
principal groups of rocks, affords us a type of the geology of the 
globe. This is what we should expect from the uniformity and 
constancy of nature's operations; and facts show that such is the 
case. ' 

Inf 5. Hence we have no reason to expect that new discoveries 
in unexplored parts of the earth, will essentially change the im- 
portant principles of geology. Slight modifications of those prin- 
ciples are all that can reasonably be expected from future re* 
searches. 



ABBENDA. 

So many able men are now actively engaged in geological explorations, 
that almost every year brings out some new facts worthy of notice in such 
a work as the present ; serving, as they all do, not to overturn, but only to 
establish and perfect the great principles of the science. The admirable 
work entitled " Siluria^" published in 1854, by Sir Roderick I. Murchison, 
who has probably seen more of the geology of the globe than any man liv- 
ing, unless it be Baron Humboldt, does so much to settle the limits and the 
clmracter of the palaeozoic rocks, as well as important questions connected 
with them, that I feel coostramed to notice some of the points illustrated in 
that work. 

* ' 

1. Base of the Silurian Bocks and Earliest Zone of Life 

on the Globe, 

It has been a fkvorite idea with some, that the ciystaUine hypozoic rocks are 
destitute of organic remains, not because they were never present, but be- 
cause they have been obliterated by the metamorphic agency that has pro- 
duced the crystalline structura But it is now ascertained that " the lowest 
zone containing fossil remains is underlaid by very thick buttresses of earlier 
aedimentary accumulations, whether sandstone, schist, or slate, which, though 
occasionally not more crystalline than the fossihferous beds above them, have 
yet afforded no sign of former beings." — SiluriOj p. 20. In Great Britain 
these beds are 26,000 feet thick, and they are denominated Cambrian rocks 
by the Government surveyors (Professor Ramsay and others), though this 
term is not adopted by Sir Roderick. A similar unfossiliferous buttress of 
sedimentary rocks, beneath the Silurian, is found in Bohemia, in Ireland 
and in North America. In this country Mr. Logan describes it between 
Lakes Superior and Huron, as 12,000 feet thick, beneath the Potsdam sand- 
stone, our lowest fossiliferous rock. In Ireland alone have any organic relics 
been found in these deposits. Two species of zoophyte have there been 
brought to light, one of which, the Oldhamia Anliqita, is figured below, and 
may be looked upon with reverence, as Sir Roderick remarks, as the oldest 
known inhabitant of our globe. 

It seems then to be settled, beyond all question, that 
Jj ig. 20 J. there was a time when organic life commenced on this globe 

— a fact of great importance in its religious bearings. 
Sir Roderick regards the Upper and Lower Silurian strata 

as belonging to one continuous system, and not distinctly 

separated Iflce many of the other great formations above the 

Silurian. 
He will not admit that any vertebral animal occurs till 

we rise almost to the top of the Upper Silurian, where 

fishes first show themselves. 
The thickness of the Silurian rocks in England and Wales, 

as given in the " Siluria," is 30,000 feet, 6,000 or 6,000 being 

the thickness of the Upper Silurian beds. If we add the 

26,000 feet of Cambrian rocks, having neariy the same 
OldAamiaAfUiqua mineral character, but destitute of organic remains, we have 

66,000 feet of sedimentary rocks, or more than ten milea, 
deposited before the existence of vertebral animate on the globe. 
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2. Organic Progression. 

The doctrine of » p r ogr oflri on in organic life on the globe, develcped and 
defended on p. 332 or this work, receives strong confirmatioQ from the stndy 
of the iMlsozoto rodcB, and Sir Roderick is Aillj satisfied of its tnith. {See 
hia last chapter,) It seems now to be settled, first : That vast deposits of 
sedimentaiy matter were formed before life appeared. Secondly: That a 
period ahnost equally long, — ^long enough to form the Lower Silurian rocks, 
equal to 25,000 feet in thickness, — ^passed over the earth, while every other 
kind of aquatic animal existed, before any vertebrated creatures were created, 
or terres^ial vegetation existed to any extent It may be thought that 
these will yet be discovered, but the palseozoio strata have now been studied 
with great diligence for more than twenty years, and yet none of these higher 
races of animida and plants have been found. Yet in the deposits immedi- 
ately above the Silurian, I mean the Devonian, fishes occur in large num- 
bers. Had they existed in Silurian days, they must have left evidences of 
their existence, that would not so long have escaped the keen-eyed observers 
that are everjrwhere searching for fossils. When the fishes were first brought 
in, just at the dose of the Silurian period, they seem to have been lower in 
their origanization than those with osseous skeletons, that followed in the old 
red saudstone. 

But though Sir Roderick strenuously defends the doctrine of organic pro- 
gressiOQ among the higher classes of animals, he rejects that of iransmu' 
tation. " When we tiu^ to other and inferior races," says he, " crustaceans, 
moUusks, and corals, naturalists assure us (and I willingly subscribe to their 
dicta) that many of the earlier leading groups were quite as highly organ- 
ized as any of their representatives in subsequent ages, or at the present 
day."— P. 468. 



3. Theory of the Origin and Distribution of Cfold. 

The chapter of the " Siluria " on the " Original Formation of Gold and its 
Subsequent IHstribution," is an admirable e:^bition of the subject, from one 
eminenUy qualified to discuss it We can give here only a brief outline. 

Gk>ld, in its original situation, occurs mostly in veins of quartz that trav- 
erse the older or palaeozoic slates, frequency near their junction with 
eruptive rodcs. Sometimes also it is found in the latter. Perhaps talcose 
slate is the most usual gold-bearing rock. The oldest slate rocks, such as 
gneiss and quartz rock, seldom contain it Those containing it are the 
Silurian, Devonian, and Oarboniferous— especially the first — where they have 
been subject to metamorphic action. Most of European Russia is occupied 
by these older palaeozoic rocks scarcely solidified, and these contain no gold. 
But following the same strata into tiie Ural Mountains, where they have 
been lifted up and metamorphosed by the intrusion of porphyry, green stone, 
syenite, and granite, and gold abounds. 

But at what period was the gold introduced ? In the secondary and ter- 
tiary strata none, or scarcely none, is found, and yet those rocks were derived 
from the palaeozoic and hypozoic by abrasion. Moreover, the loose deposits 
of gravel and sand, derived in part from the same palaeozoic and hypozoic 
ro<S», are the chief repository of gold. From these facts the conduaion 
seems irresistible, that the older slates were not impregnated with gold, 
while the secondary and tertiary strata were in a course of deposition. But 
after that time, the protrusion of the eruptlvo rocks introduced the gold. 
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Since then aqueong and abnoepher 
bearing strata, canyiog the meUl in 
it vritbin the reach of man. 

Thua, it appears, tbat gold was brought up &om the earth's interior, a 
little time onlj (j^logicaJ!)' Bpealdng) before the appeu'ance of man on the 
globe. Fiah imd lizards, crustaceana and moUosks, did not need it, and 
ther^ore it was delayed till a being yraa about to ba created, who did 

This subject will be bettor understood by a diagram, whldi I have copied 
IVom the " Siluria," with some alteration. 



Origin and THstribntiim of Gold. 

a, a, a represent the older slates, tilled up and metamorphosed by the in- 
trusion of the veins o, e,c, k/i., which impregnated them with gold. Origin- 
ally these slate mountains rose to b, b. By their erosion the secondaiy de- 
posits, 4 ^'^^ the teitiary depoeita, e, were produced befixe the injection of 
the auriferous vein^ c, c, c, is. After their injectiou, the same erosion went 
on, reducing the mountains to the line i, i, ajid Ming the low places with 
the depoeits A, h, containing gold. 

With a few rare esceptiona, worliiiig the origioal ymna in whicb grfd oc- 
cuia has not proved remunerative, Banguine, as most g(dd-scekers are, that 
their fortune is made when they hare discovered such a vein. But nature has 
done the worif much better Ihau man can, and collected, in the lowest places, 
gold in quantities, while in the rodcs it is sparsely disseminated. Moreover, 
it is found that gold veins, unlike those of moat other metale, diminish in 
richness as we descend. 



Attempt to settle the true ffeologieai J'otition of the so-called 

Middle Secondary, or Nea Red Sandstone, of North Carolina, 

Virginia, Fenngylvania, New Jersey, and New England. 

professor William B. Rogers has recently attempted to *ow that thia belt 

of rocks, extending through the above States, — certMnly those sooth of New 

England. — probably belong to the lower part of the Jurassic series rather 

than the Trias. And his arguments are certainly quite strong. As to the 

sandstone of the Connecticut valley, he spealcs with less confidence. But 

my son, Edward Hitchcock, jr., 1£D., inatruclor in cbemisiry and natural 

history, in Wiliiston Seminary, East Hampton, has recently discovered, in 

the sandstone of Mount Tom fine specimens rf PJaftropferii, a genus of 

'ferns quite characteristio, on tlie contment of Europe, of the sandstone that 

lies at the base of the liaa, «ad. immediate above the Keuper of the Trias. 

(Adotpbe Brongniort in hia HieloiTe da Vegtlaux Fostila.) Sut it ooours 
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•In In the Xatper, irliich i* the appennost rock in the Tms. (BroDn^ 
LMm Gtoynostica, vol. L f. 110 ; also, Index Pi^MnSologieaa, voL U. p. 32.) 
And the bet i*, that the paauge of the new red sajiiiatone into the Litis is 
very gjaduid and alniosl indotanoinate, in some purlB of the continent of 
Earopc iAtvled't Geology, toL L p. 3iJ.) Hence, we cannot be certain, 
from iho occurreDce of a ClathroptwiB in a depoait, whether it is the upper 
part or the Trias, or the I<ias sandstone. But in the prfsent case tbe prtri>- 
abilitj ii that it ia tho latter, because we find coniferoua plants in tbe same 
tbnnation. In the cabinet it Amherat College, ia » cone From this rock 
which could warcely be diatinguiahod from that of aome living speciee of 
■ conifene. In the same cabiael we hare long bad specimena of dlathrop- 
tens, which 1 have rca-son to suppose have been miatalien for a ZamiUs; but 
not till the discovfry of the Bpecimen by my aon were the distingiiiahing 
cbanctera of Ibo Clathroploria manifest Brongniari describes ooly one 
■pedea, tbe C. mtaucoidti; but in the East Hampton specimen the menu- 
Olid character is Iciis obvious. He has, Ihereibre, called it (provisionally tt 
least) CUtOvropltria reciiwimlua. Tbe figure below will give some idea of a 
•null portion of one of tbe fhmdc 

1-ig. ill. 



ClaOiroptfris Rs^MoHai : Eaai Hampton. 



ADDENDA. 
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I ought to add, that I haye recently, by help from the present and last 
senior classes in Amherst College, measured two sections across the sand- 
stone o£ Connecticut Valley, and I find the thickness of the rocks to be 
three or four times greater than the whole^ either of the Trias or the 
Jurassic series of Europe. Hence, I suspect that we may have in this 
yalley several rocks, equivalents, perhaps, not only of the Lias, but of the 
Trias, and even other rocks. The Clathropteris lies near the middle of the 
whole series. 

Upon the whole, I think we may regard it as settled, that there is a zone 
in the sandstone of Connecticut Yalley corresponding either to the Keuper 
or the Liassic sandstone, and that sandstone deposits, quite thick, lie YmQk, 
above and below this zone. This zone, moreover, is not &r from that con- 
taining the fossil footmarks. To settle the diaracter of the rocks above and 
below it will probably require long-continued investigations, so rare are or^ 
ganio remains, and so different in lithological character are these rocks from 
those of Europe. 



For the following Tables of the metals mined in 1864^ with their estimatftd 
pecuniary value, I am indebted to the late able work of J. D. Whitney, Esq. 
on ihe MstaUic WecM of (hi United States, iui. PMtadOpMa, 1854. 

AmourU of Mstais obtained by Mining in 1854. 





Gold. 


Silver. 


Mer- 
cury. 


Tin. 


Copper 


Zinc. 


Lead. 


IfOO. 




IbB. 
Troy. 


Ibe. 
Th)y. 


lbs. Av. 


Tons. 


Tons. 


Tons. 

4.000 
40 


Tons. 


Tons. 


RoMian Empire 

Sweden 

KorwAv ............ 


60.000 
3 


58.000 

3.500 

17.000 

70X)00 






6JS00 

1.500 

550 

14J0O 


800 
300 


9004100 

150.000 

5.000 

3.0001000 










Great Britain ■> 


100 




7iNN) 


1.000 

16.000 

33.000 

10 


61.000 
1.000 
8.000 
5.000 
SLOOO 
1.000 
7.000 


Belflrimn . ........... 


aoojooo 


PniBalM, 




3aooo 

30.000 

60.000 

3.000 

90.000 






1.500 

150 

50 


i5aooo 


Hars 


6 






SaxoiiT •••• •••• •••• ... 




100 


'7.000 
100.000 

935.000 
15.000 


Sfiat of G Armuiv ••••.. 




Austrian Empire 

Bwitz«rland . 


5.700 


500.000 


50 


3.300 


1.500 


FrAnfiA 




5.000 
135.000 










1.500 

30.000 

500 


fiOOiNNI 


Spain 

Italy 


4S 


3.500.000 


10 


500 

350 

600 

3.000 

3.500 

14.000 

• 

1.500 




40.000 
S&.000 


Aftica 


4.000 

25UXX) 

150.000 

3.000 

1J200 

1.900 

15.000 

6.000 

10.000 










8. Asia and E. Indies . . 

AlMtrAliA AtiA rW*AftniftA 






5.000 








8.000 

S50.000 

130.000 

300J)00 

13.000 

700 

1.750.000 










Cblll 












BoliTia 


"900.600 


^1.500 








Pern 








Eqnador, N Gnuada, A« 
Brazil .:.., 


















Mexico 












Cuba 






3.000 
3Ji00 








United StatM r .. 


2000)00 


saLobo 


i.OM).obb 


13.060 


5.000 


15.000 


1.0004XXI 






Ttoial 


481.950 


3.965.S0O 


4.900.000 


56JK)0 


60.550 


133.000 


S.817J)Q0 
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Aborigines, nuurkiogs hj on rocks, 
W 

AbyBsinia, geology of, 889 

Aetynoliie Schist, 77 

Aepyomis, 280, 166 

Aethiopus, 182 

A^haiiiBtdo, geology of, 888 

Africa, ge(dogy of, 889 

f eastern and central, geology 

o(890 

Agassiz, work on fishes. His clas- 
sification of fishes, 164, 862 

, his work on glaciers* 208 

, his Gtaieial Theory of Drift, 

271 

Age of rocks, how determined, 94 

Agency of Man, 280 

Af^ency, igneous, 288 

A]^, liying, 128 

Algae, fossil, 128 

Aleutian islands, 293 

Alleghany Mountains, 896 

Alluyium defined, 61 

Alps, curYed strata in, 43 

Alumina in the earth, 64 

Alluyium, defined, 40«-its litholo- 
gi<Md character, 61 

Alluvial Sandstone, con^omerate 
and breofoa, 64 

Altai Mountaina, mineral treasures 
of, 885 

Ammonites in the strata, 147 

, sketch o^ 148 

Amasoin, delta of, 215 

America, geology o^ 891. West- 
erly and northerly parts of, their 
gerfogy, 896 

American geology, history of, 868. 
Geological Society, 868. Geolo- 
gists, asBCfialioD o^ 864 

Amygdaloid described, 86 

Anoyropus, 186 



Anoplotherium, 170 

Andes, their geology, 891 

Andesite described, 85 

Andesitic laya, 91 

Animals in the rocks, 186. Arti- 
culated, 151. Adapted to the 
changing condition of the earth, 
848. Extinct, 119. First ap- 
|>earance o^ on the globe, 118 

Animal Kingdom, dauificatioii oL 
185. 

Animals, the order of their appear- 
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ance on the globe, 112 
Animalcula, living, 142. 

102 

Anisopus, 185 
Annularia of Maii^eld, sketeh &t, 

129 
AnomoBpus, 185 
Anoplotnerium, 170 
Anthracite, where fouud, 56 
Antigua, geology of, 898 
Antimony, its usee and positioii, 68 
Antidinical axis, 89 
Apteryx, 280 
Arabian Geologist, 857 
Arabia, fi^eology o^ 879 
Aracbnidsns, 151 ^ 

Ararat, an eztmct volcano^ 808 
Argoronin, 184 

Arsenic, its ores and situation, 99 - 
Artesian wells, 282, temperature o( 

810 
Articulated animals, 151 
Asia, geology of, 879 
Asteroids, nebulous, 828 
Asphaltum^ 280 
Astronomy, apparent dtsorepiacj 

of; with revelation, 853 
Avalanches, 208 
Augustine, his views of ereatiMi, 

851 
Australia, geology oi^ 887 
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AiiTWgiM, eztinci toImdom in, 801 
Anglte rock, 84. Porphyry, ih. 
And liornblcnde, their ideatity , 80 
Azit Added, 42 

Aymeetry Timeetone, 76. 

■ 

B 
Bebbege oo the propegatkn of heet» 

816 
Belley, Pro£, hU dieooTeriai re- 

•peotiiig foinil animaloula, 68 
Bemiat, geology of; 877 
Berbery, geology o( 889 
Berometer, Aneroid and Syphon, 

60 
Beeelt deeeribed,86. Where found, 

66. Protroded eolid, 82 
Bfttraehie, 168 
Beechee, ancient, 268. In Scotland, 

Snperior and Salt Lake, 266 

Beaehea, how formed, 267 

Bed of roek defined, 21 

Beaumonti Klie de, on the eleTation 
of moontains, 192 

Beamnont*8 theory of elevation, 817 

Bears foeail, 168 

Beoc^nerel on metallic reins, 887 

Belgium, geology o^ 878 

Belemnite, 106, 149 

Belemnoeepia, sketdi o^ 160 

Beloochiatane, geology o^ 863 

Benerolence of the Deity proved, 
841 

Berselias on Soils, 288 

Bible and geology, 846. Points of 
coincidence, ilx Of supposed dis- 
crepancy, 846 

Bismuth, its ores, dec, 69 

Bitumen, 64, 280 

Birds^ fossil, 164 Their tracks, 178 

Bone cayerns, 167. Oayem in Ver- 
mont, 169. BucUand's deacrip- 
tion of; 167 

Bones of the fsUen angels, 807 

Borings for water, 282 

Boston Harbor, sketdi in, 228 

Botanical proyiuces, 90 

Bone, his geological map of the 
globe, 97, 870 

Boulder's defined, 66. Their mae, 
241, in Gloucester, 242 

Bowditch, his opinion on internal 
heat, 818 

B^eoda, 66 



British Amiffifja, geology oC 896 
Brongniart His classification of 

rodDi,46. On the tertiary strata^ 

67 
Brontoionm, 182 
Brown coal, where found, 66. Of 

Sheppey, Germany and Brandon, 

Vt, 188 
Bruce, Br. A., his journal, 868 
BucUand on metallic veins, 887 
Buffon's theory of the earth, 869 
Burnet's da, 369 

Bush, Prof, his exegesis of day, 861 
Bunter sandstone,' 71 
Berthotrephis Holyokanais, 124 



Oabul, geology o^ 888 

Oainon on period, 67 

Calamites, sketch of; 126 

Oalcareous tu&, 48, 229 

Oalymene, 106, 162 

Cambrian and Oumbrian rocka, 74 

Oamel, fossil, 178 

Canons, 218 

Cape May, worn away, 221. Aim, 

light-houses on, 228 
Caradoc sandstone, 76 
Carbon in the earth, 68. Its regt* 

table origin, 66 
Carboniferous system, 72 
Caribbean islands, geok>gy ot 898 
Carnivorous races, always lived, 

198 
Caspian Sea depressed, 21 
Cataclysm, 867 

Cataclysm of Uie Egyptians, ib. 
Oatenipora, 106 
Catoott on the deluge, 869 
Causes geological, intensity o^ 829 
Central heat, chemical theory o^ 818 
Cephalaspls, sketdi o^ 166 
CephalojKxls, vertical range o( 118 
Ceylon, geology of, 886 
Chalk, 69. fis wide diffuAcm, 881 
Chambered shells, 147 
Changes improve the condition of 

the globe, 201. Geological, how 

produced, 201 
Change the means of preserving the 

universe, 844 
Chdonia, 168 
Chemistry of geology, 68 
Chemical deposits, 68 
Chirotherium, tracks ot, 179 
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ObSm, its coast devated, 299, 298 

China, geology o^ S87 

Chlorite slate, 19 

Chlorine in the earth, 58 

Cidarites, 146 

Ctpolin, 90 

Classification of rocks, 40. Princi- 
ples o^ 48. Systems of, 44. 
Macoulloch's, 44. Conybeare's, 

45. De la Beche's, 45. Sir 
Charles Lyell's, 46. Omalius 
D'Halloy's, 46. AL Brongniart's, 

46. TJnger's, 46. D'Orligny's, 
46. Dr. MentelFs, 46. John 
Phillips, 47. Sedgwick's, 47. Of 
N. Y. geologists, 47. Of Prof 
Rogers', 48. Paleontological, 48 

Claystone, 84 

Claystones in clay, 24, 25 

Claystone porphyry, 84 

Clay, where found, 56 

Clay, slate system described, 76 

Cleavaffe, 28 

Cleayeland, Prof, his works, 868 

Climate of early times tropical, 
120. XTltra tropical 121. Grad- 
ually sunk, iU Lyell's hypo- 
thesis o( 807 

Clinometer, 87 

Clinkstone, 84. Porphyry, ib. 

CoaL Baeon, sketch o^ 57. Meas- 
ures, 72. In Great Britain, 72. 
In Belgium, France, Prussia and 
Austria, 78. In the 17. States, 
78, 816. Where found in the 
rocks, 56. Its mod« of occur- 
rence, 57. Deposits of the IT. 
States, 78 

Cobalt, its ores and situations, 59 

Coincidences between geology and 
revealed religion, 846, 856 * 

Columnar structure, 86, 90 

Comets, their nature, 827 

Comparative anatomy, its use, 100 

Compact felspar, 84 

Compass, pocket, 50 

Conchology defined, 147 

Concretions of Iron ore, 26. Con- 
cretions of unstratified rocks, 86. 
At Sandy Bay, Kahant, and Wor- 
cester, 86. In sandstone, Iowa, 
27 

Congelation perpetual, line ol^ 807 

OoDeretiooary structure in rocks, 86 



Coniferffi and Cycadeaa, 180 
Coniferous plants in the roeks, 111 
Connecticut river, its bed, 215. 

VaUey, 215, 217 
Constancy of Nature, 201 
Consolidation of rocks, 286 Da 

Pownal, Vermont. In West 

Stockbridge, Mass. Cornwall, 
'Eng., and the coasts of Asia 

Minor, 286 
Continents elevated from the sea, 

190. At diJBTerent times, 191 
Conybeare's classification of rocks, 

45 
Coprolites, 157. Of birds, 158 
Copper, its ores and situation, 68. 

Coral rag, 70. 
Copper in the IT. States, 847 
Coral reefis, 281, 68. Their extent, 

288 
Oombrash, 70 
Comean, 84- 
Comstone, 74 
Cosiguina, volcano o( 290 
Cosmogony, hypothesis o^ 804 
Cotopaxi, lava thrown from, 239 
Craters defined, 288. Size of an- 
cient, 808 
Crater of elevation, 291 
Creation, progressive, 291. Of six 

days, 298. Numerous centres 

o^ 298. By kw, 888, 198 
Cretaceous system, 69. Of Egypt 

and United States, 105. Ro<ss 

of IT. States, 846 
Crinoideans, 119 
Croatia, geolo^ o!^ 877 
CrooodUe, fossit 168 
Crocodilia, 158 
Crust of the earth, its thioikneii^ 

811 
Orustaoeous, fossil, 126 
Crust of the globe, derived fircun 

animals, 171. Its thickness, 259 
Cumbrian system, 74 
Currents, oceanic Their velocily 

and effects, 224 
Cuttle fish, 149 
Cuvier on the tertiary strata, 58. 

His works, 862 
Cyathopheyllum, 140 
Oydas, sketch o^ 127 
OycadesB, 97 
CypriB,»102 



414 



, Pro£, hit ▼orfa» S68 

Vajn of orwtkm, nippoaed I009 
]>eriodt,84$. Olg«0doiM, Si9 

Dfttlie,861 

Danbeaj oa tliennal iprings, SOO 

Dmd Sea, its origiii, 801, 880 

II ddproiMd, 21 

DaOh before the fiJl, 864. Remihs 
from the constitQtioQ of animale, 
i\k Penal in the caae of nau, 
898. Threatened onl/ to uoan, 
886 

Death, perapeetire of man's apoe- 
taar and inaeparaUe from ho, 868 

Debna of Ledges, 2U 

Deer^fbesO, 178 

]WnuUtion of roek% 218 

De la Beehe*8 elasaififlatioQ of nMskfi 
46 

Delta, of the Ifiisissippi Bhone, 
Nile, Amason, Ganges, ion 214 

Delqge of Noah, 847/ The sup- 
poeed eaose of most geological 
ehangea, 16. Opinions ooncerp- 
ing, 862 

Denmark, Geologr of; 878 

DenodatioD, proon and amount oil 
227 

Depoaitioa of rooks, horizontal, 79 

Detritus of rocks, 214 

Derelopment Theorr, 888 

Deyonian System, 78 

Diamond, where found, 67 

Diallage rook, 90 

DiluTium or drift, defined, 40, 66. 
In Nora Sootia, 23S. In Masoa- 
ehnsetts and New York, 244. In 
the Western States, 239. In 
South Ameriea, 241 

Diluvial elevations and depressicms, 
or Moraine terraces, 268. Val- 
leys on Holyok& *^60. Qroovos, 
toO. Action, first, second, and 
third theories of drift, 269, 970, 
271. Beneficial, 842 

Dinosauria, 168 

Dinornis, 166 

Dinotherium, sketdi o( 177. Dog- 
head, 178 

Diorite, 86 

Dioritic porphyry, 86 

Dip of strata, 87 

Discrepancy, supposed, between 
geology and reveUtion, 846 



DiftarbaBcea» jpialngkwl, iMMMftoia]^ 

841 

Divisional struetuzes, 97 

Divine eharaetw perlee^ 840 

Dodo, 166, 280 

Doederlin, his views of creaitioii, 861 

Dolerite,86 

Domite deaeribed, 86 

DOrbigny, his Hwssifleatioo of rodka, 
46 

Downs or Duaes, 228 

Drift, defined, 66 

Drift, dsAoribed, 286. Modified, 
266. Dispersion ^ 287. What 
agencies, produced by, 278L And 
Alluvium, one formation, 278^ 
lime siiioe, 278. Miodiaed cbift, 
66. In Nova Scotia and United 
States, 288. In SeandiMrvia and 
Russia, 240, la the Alps, 287:. 
In Great Britain and the Euro^ 
pean continent, 287. In Syria* 
241. In India, 241. Sectiona 
in, 256. Transported from lower 
to high^ leve(», 261. Veiiieal 
and horisontal Uu^Ui of, 264^ 
Theories o^ 269 

Drift wood, 286. Drifb (fifi^ Dihi- 
vium) 

DrcMigs on Jewel's Island, 222 

pust of death, 168 

Dykes, 32. Of trap in £Q^an4 82. 
lDCohasaet,Mas8.,83. lit Mem, 
Mass., 34 

Dynamics of volcanoes, 291. Table 
Qt^92. Ofgeol4;^calQMse8,202 

E 

$!arUi, its form, 20. Specwfie gvav*- 
ity, ib. Ouce in a melted qtate, 
811. ]^lie8tcoDditioo,888. Fu- 
ture destruction of, 346. lasted 
long before man, 846 

Earthquakes, their proximate cause, 

296. Their precursors, 296. 
Their effects, ib. 

Earthquakes, the most remarkable, 

297. Holes formed by, 297. 
Mountains raised by, 297 

East India Axchipelii^,geokg7o( 

887 
Echinodermata, 145 
Bcpyrosis of the Greeks, 867 
]^pt, geologry ot, 889 
££renb^g, his discoveries, 109 
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Bhrenberg, localitiefl mentioned 
by, 881 

Eleration of strata, 88 

ElevatioDfl and Bubeidenoes, alter- 
nation o^ 298 

Elevation of the eoast of Ohili, 298. 
Of continents, the cause of, 816 

fUements in the earth, 68 

Elephant in frozen mud, in Siberia, 
99 

Elk, Irish, 280 

Embossed roeks, sketch o^ 249 

Enmions, Pro£, his yiews of lime- 
stone, 76 

Ikialosauria, 168 

Enerinites, 187 

England, geology- of, 871 

English onannd, how formed, 221 

Eooiene strata, 67 

Epoch, geological, defined, 66 

Erosion, Talleys o( 2] 8. By riyers, 
218 

Eruptions of yolcanoes, thdr num- 
ber, 289. Phenomena of, 290 

Etna, eruptions o^ 290. Quality 
of laya from, 291 

Euphotide, 90 

Eurite, 79 

Europe^ geology o!^ 871 

Expansion of rocks by heat, 816. 
Of hind and water unequal, 817 

Extinct yolcanoes, 801 

Eyes of trilobites, 168 



Fallopio on organic remains, 868 

Fault defined, 89 

Ferns, liying and fossil, 122, 126 

Fingal's caye, 87 

Firestone, 77 

Fishes, 164. Their distribution in 
the strata, 164. Agassis, classi- 
fication of, 164 

Fluorine in the earth, 44 

Folded axis, 42 

Fool's gold, 69 

Footmarks, fossil in Scotland, Bath, 
England, in Saxony, 178. In Mas- 
sadhusette, near Liyerpool, in 
Shropshire, near Jena, in Pem- 
brokeshire, in Columbia, S. A., in 
Pennsylyania, 180. In New York 
and Canada, 180. Names of the 
aninialw that made the trades, 
181. Sketches of the tracts in 



t Massachusetts, 182, 188,184,186, 
186,187. On day, 190. Of those 
in Pennsylyanii^ 188. Human 
tracks in St. Louis, 188 

Foraminifera, 140, 141 

Forbes, Prof E., his researches in 
the ^gean Sea, 106 

Formation defined, 87. Order o^ 60 

Fossil footmarks, 176. Synoptical 
yiew of, 181. 

Fossil plants, their number, 122 

Fossil, number of spedee, 107. 
Table of, 108 

Fossiliferous rocks defined, 41.. 
Their extent, 102. How de- 
posited, 102 

Fossils, classification of, 101 

Fourier on heat, 260 

Fox on metallic ydns, 887 

Fracastora on geology, 868 

Fractured rocks in Vermont, Haa- 
sadxusetts and Scotland, 862 

France, geology o^ 874 

Fruits, fossil, tertiary, at Brandon, 
Vt, 188. In Germany, 182. In 
the isle of Sheppey, 182 

Fucoides, 128 

Fullers' earth, 70 

Fumerole, 286 



Gabbro, 90 

Gait, 70 

Ganges, ddta o( 216 

Gangue of a yein, 886 

Gassprinfls, 284 

Gay Mead, strata of, 67 

Guadaloupe, human skeleton from, 
116, 283 

Guatimala, geology o( 894 

Geine and geates, 288 

Gems in the United States, 408 

Geognosy, 19 

Geogony, 19 

Geological maps of different conn- 
tries, 97 

Geological maps and sections, 97 

Geological suryeys, 864 

Geology and reyealed religion, 846 

Geology defined, 19 

Geologists, how far agreed, 862 

Geographical geology, 870 

Germany, geology of, 876 

Geysers of Iceland, <ba, 800 

Giant's causeway, 87 
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CHMtaFtdiAMd,flOS. Adfaiieetiid 
r«trMt oC SOS, sot. SketdMt 
of; S04, S06, 208. Former extoot 
oi Sia Id WalM, 21S. In 
SootlMid, SIS. In the UimaUja 
y<Mi»^^j^ip^ Mid in MiMiinhTiiftt#i 
SIS 

Okdel theory, S71. AetioD, an- 
cient, SIO. Period, 271 

Globe, when first inhabited, IIS 

Globe, ito hjpotheUcal itate, 8S7 

Glyptodon, iketeh o( 174 

Gneiai^ 71. F6rphjrritie^ 79 

Gold, where fimnd, 59. In the 
United Statee, 402. In Galilbr- 
nia, Bnteia and Anetralia, in 
irbatroeki, 69 

Goldfoee on petrifiietiont, 86S 

Goijge defined, 89. On Niasara 
riyer, S18. On Geneieee riTer, 
iK On the Potomac, iK Onthe 
ICienaaippi, ibi On the Miaeouri, 
On the Bhind, iK On the Dan- 
ube, 220. On Dog river, ih. On 
Rarendoor riTer, iK On the 
riTer Zaine, ib. On Goz ri?er, iK 

Granite, where found, 58 

Granite protruded solid, 82 

Granite described, 82 

Granite porphyritic and graphic, 
82. Graphic of Goshen, 88 

Graphite, where found, 66 

Grajwaoke system described, 74 

Graystone lava, 81 

Great oolite, 70 

Greece, seolosr of, 878 

Greeland, its imores sinking, 299 

Greeniitone, where found, 66. In 
Oonnecticut and Massachusetta, 
87. Described, 84. Solumnar, 
86. And basalt^ at Giant's Oaase- 
way and Titan's piaasa, 87. At 
File's OaTe, 87. Of Rowan's 
county, North Oarolina, 89. Of 
Hudson rirer, 90. Columnar, its 
origin, ib. 

Green sand, analysis of, 69. Use 
of in apiculture, 7(X Descrip- 
tion o^ lb. 

Gres bigarre, 71 

Group defined, 88 

Gypsum, where found, 66. Sought 
in the wrong place, 60. How de- 
posited» 288, 287 



HaU, Proll, his views of the Vaw 

York rocks, 76 
Hammers, 50 

Hallo]r*B classification of rockM, 46 
Halysiies, 140 
Harpagopus, 186 
HarpedscUlus, 186 
Hebard, Ker. SttHry, speeiiiMDa 

from, 880 
Helcura, 186 
Uensler, his ezegeaia of the days 

of creation, 848 
Herculanenm buried, 291 
Herpysteioum, 186 
Hindoetan, geology of, 886 
Hippopotamus, fossil, 178 
History of geology, 866 
Holland, geology of, 378 
Hooke'a theory of the earth, 868 
Hornblende rock, 86 

slat^ 77. Hcmblenda 



and augite identical, 80 
HcM'nBtone, 84 

porphjry, 84 

■, geoiogi<»l nup ot, 97 



Horsly, his exegesis, 848 

Horse, fossil, 178 

Hovey, Prof, on the West Indies, 

894 
Human remains, 116. Skeleton in 

roc^ 894 
Hummock on Holyoke, 260 
Humus, 288 

Hungary, geology o^ 877 
Hutdiiosoi^s theory of the earth,- 

869 
Hutton^s theory of the earth, 860 
Hyona, fossil, 168, 178 
Hydrate of iron, 64, 280. Of maa- 

ganese, 280. 
Hydra, 189 

Hydrogen in the earth, 68 
Hypersthene rock, 84 
Hypogene rocks, 41 
fiypozeic rocks defined, 76» 71 

Origin of, 819 



Ice islands, 206 
Icebergs, 208 

Ice preserred by lava, 894 
Icbnolitbology, 178 
Ichnology, 178 
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lehthjoiaiinu, iketeh of, 169 

IgneooB ageney defined, 288 

^anadon, fbeiiil, 160 

j^ana, 1(51 

ImproTement of the earth's oondi- 

tion, 201 
Inclinatioii of strata, 87 
Index paleontologicas, 107 
India, further, geology of, 385 
Infusoria^ their ^eletons, 102. 

Shields ot, 68. In Massachusetts, 

<fcc, ib. living, 142. Fossil, 148. 

Sketch o^ 144 
Insects, fossil, 161 
Instability the means of stability, 

844 
Intensity of geological" agencies, 

829 
Internal heat of the earth, 808 
Internal heat» objections to, 824 
Interior of the earth, its state, 811 
Ireland, geology of, 872 
Iron in the earui, 68. Its ores, 58. 

Pyrites, 60. In United States, 

403. Mountain in Missouri, ib. 
Islands volcanic^ 292. Recent, ibi 
Italian writers, 869 
Italy, geology o^ 876 



Jameson, Prof, his views of crea- 
tion, 848, 849 

Japan, geology of, 887 

Jomts (ufined, 29. Their origin, 27 

JoruUo, volcanic, 291, 292 

Jupiter, perhaps covered by water, 
828 



Keith, his theory of the days of 

creation, 848 
Kimmeridge clay, 70 
Kelloway's rock, 70 
Kilauea, sketch o^ 295 
Enapp, his exegesis of the history 

of tne creation, 360 
Kupperseheifer, 72 



Lafayrinthydon pachygnathus, 

Owen's sketch of; 179 
Lacertilia, 158 
Lakes, bursting of, 220 
Lamarck's hypothesis of traoamn- 
tattoo of species, 110 
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Lamination defined, 81. Its origiiii 
28. Contorted, 24 

Lamina) of Gneiss, 22 

Landslips, 208 

Lapiaz or furrows, how formed, 210 

Lapland, geology o^ 878 

Lava, where found, 66. Dteribed, 
81,91. Trachytic, 8L Augitic, 
or Basaltic, ih. GraysUme, ibb 
Vitreous, ibi Molten, its char- 
acter, 298. Its amount, 292. Ice 
beneath, 294 

Lead, its ores and situatioii, 58 

Lead in IT. States, 402 

Lapland, geology o( 878 

LeoancMi, Mt, geology oC 879 

Lebias, 157 

Ledges fractured by drift agener, 
262 

Leibnitz, his theory of the etrfh, 
868 

Leman lake, 199, 214 

Lepidodendron, dcetdh o( 128 

Lester on British shells, 868 

Lias described, 70 

life, systems ot 198 

Idffnite, where found, 56 

Lily Encrinite, sketch ot, 187 

Lime in the earth, 54 

Limestone, where found, 56ii 
Primary, 78. Mountain, 72. Met- 
amorpms, ib. 

lindley, Prof His experiments on 
the preservation of plants, 181 

Lithological characters of the stasi- 
ified rodos, 60. Of the unstrst- 
ified,80 

Llandeiio fiags, 75 

London geological society, 861 

Lower silurian rocks, 75 

Ludlow, shale, 76 

Ludus Helmontii, 20 

LycopodiaceiB, 126 

Lyelrs classification of rocks, 46. 
His theory of ancient climate, 
807. Of causes in action, 829. 
Objections to internal heat, 825 

M 

Macculloch's classification, 44 
Maolure's map of the IT. States, 98 
Macroptema, 185 
Magnetism of rookB,'92. InBorope^ 

98. OnYesuviaa, Stna, Ararat 

and Upper Canada, 94 
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IptiM, tn^/dm in, Ml t 

MmmalM. Iftt FomA of Uwtod 

8tatat,884 
MMimwtii, ihttch oC 171 
Man, wb«a firii appMred oo Uie 

Mrtk»llS. TlMlMlaiiiiinl«re«(^. 

ed, 16. A oomopolite, 1<NI 
Han't gMlofjiflAl agaoef , 280 
MflQgaaMe, ito iim and potitioo, 68, 

84 
IfttitolVi ebMifioatioo, 46 



Mapi^ yokfiflri, 87. Of twi 
ooQotriea, IK Of the globe^ 880 

Marl, wh&n fomidL 66. Hov de- 
tMlad. 88. AUuTial 888. Its 
and podtion,66. Silieaou, 



Maatodon's taeth, tk^Ut of; 111. 
NiRrbargh, 178 

Matoiz of a reio, 880 

Matter, ita sappoaed etenuty, 888 

Mattioli on orgwk remaina, 868 

Mcgalfloyz. 176 

Megaloaaoma, 160 

Mentherinm, aketoh e( 176 

Md[kph7re,84 

Merourj, ^ere found, 68 

Mer de Olaoe, 808 

MenimMk rirer, ita aUmal mat- 
ter, 816 

Meaosoie roeki, 41 

Metallie Tcias, dbaraeter and ro- 
pletion oC 886 

Matalkufa in the roeka, 68 

Mfltala in the eartii, 68. Where 
found, 68. The mode in which 
thej^ ooonr, 60. Their diatriha- 
tiflii,848 

Metamorphic roefca, 76, 41 

Hmeatone^ 78. In 
yeina, ib. 

^ age of; 86 

Menace geology oC 894 

Ifiea alate daaoribed, 78 

Milton, his viewa of creation, 861 

MinecaL waters, 288 

Minerals defined, 18. In the rocks, 
64. XJaefiil, thoLr sitoation in the 
rocks, 66 

Mineralogy of geologT, 68 

Mineraliaer of orgame remalne, 88 

Minas, temperatora o^ 808 

Mioas of Sorc^M, frodam o( 878 



MioeoM atnfta. 87 
MisMwdppi, delta ofc 814 
Ifitchell, Dr. a Ll, 868 
Molloaca, liring, 146. Yertiflal 

ranee oi; 117 
Monamoc, striated rocks npon, 846, 

embossed rocks npoii, 848. Haa 

been scarified, 847 
Monkey, fossil, 178 
Monstersb not any among fopail^ 

188 
Moon, Toleanio, 818 
Moraine terraces, 866. In Triwo^ 

268. In Amhemt and N. Adams, 

868. At Monument Mt, 880. In 

Palestine, ibi 
Mbaoaaaru% 160 
MoafM!S,124 
Mountain limestone, 78 
Mountains, the highest, 20. Of Sa- 

ropeeleTsted at different epooh^ 

191. Of Massachusetts, 191. Of 

N. America, 182. OtgeetioDih 

198 
Mountjiins, how eleYated, 818 
Murchison*s classification, 47 
Moschelkalk, 71 
Mylodon, sketch o( 176 

N 
Natural religion Uiustrated, 888 
NantUna, 147 

Nebulae, their nature, 818, 828 
Neekar on metallic veinflp, 888 
Neptunian theory, 860 
Neveitia, 142 

Nevado, de Toluca, Tolcanie^ 280 
New Eoffland, its waste, 222 
New HoUand, geology of; 887 
New Red eonfffomerate, 71 
New Red sandstone, npper, 71 
, lower, 71 



New York system of roeka, 888 
Niagara fiiUs and riYcr, 47 
IHcaragua, vdeano in, 284 
Niger, delta of, 216 
Nile, delta of, 216 
Nitrogen in the earth, 68 
Norway, geology ot 873 
Notomis, 280 

Nora Scotia, its waste, 288 
Nubia, geology o^ 888 
Nucleofites, 146 
NummnUte, sketch oC 140 
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Obudian, 91 

Ooean, its depth, 20 

Ocean, its geological agency, 221, 
224 

Ocean, its temperature, S24 

Old red sandstone, 78 

Olives, Mount of, 883 

Old river beds, 220 

Omalius, D'Halloy's classification of 
rocks, 46 

Oolitic system described, *I0 

Ooroomiah, geology around, 384. 
Its waters analyzed, 884 

Ophicaloe, 90 

Ophiolite, 90 

Ophidia, 168 

Order of creation, table of, 118 

Organic agencies, 280 

Organio remains described, 98. 
How preserved in the rocks, 99. 
Determined, 100. Classification 
o^ 101. Mostly Marine, 101. 
Amount of in the rocks, ib. 
Height of above the sea, 102. Dis- 
tribution o^ 103. In different 
formations, 108, 109. How far 
tbey ideutifjT strata, 106. Tab- 
ular view of, 108, 109. Vertical 
range of^ 116. Compared with 
living species, 119. Number of 
species of, 107. Tropical in high 
latitudes, 120. Description of 
particular species of, 122. Not 
contemporaries of existing spe- 
cies, 119. Tertiary, 114 

Ornithicbnites, 180, 181 

Ornithoidichnites, 181 

Ornithopus, 184 

Oronoco, delta of, 216 

Orthis, 161 

Orthoceratites, sketch of, 149 

Oryctology, 98 

Osars, 261 

Ossiferous caverns, 167 

Otozoum^ 188 

Outcrop, 87 

Ox, fossil, 178 

Oxford clay, 70 

Oxygen in the earth, 64 



Faohydermata, extinct, 169 
Pal»ontological claaaificatipn, 48. 
Chart, 118, 197 



PaliBoniBcns, sketdi o( l|St 
Paleeontology, 98 
Palietherium, sketch of^ ITO 
Palamopus, 188 
Palestine, geology o( 880 
Paleozoic rocks, 41, 71 
Palisadoes, 90 
Palas on geology, 79, 860 
Papandayang, volcano of, 291 
Parker, feev. Mr., his tour, 297 
Paroxysmal elevations, 198 
Parrot, his objections to inienml 

heat, 824 
Patrick, ^shop, his yiews of crea" 

tion, 861 
Pear encrinite, sketch of, 86 
Peat, 62, 66. How formed, 984 

Analysis ol^ 286 
Pedometer, 60 
Pegmatite, 82 

Pele*s hair, or yolcaoic g^ais, 91 
Pentaorinite, Briarean, 187 
Pentegraphjc delineator, 61 
Peperino, 66 
Period, long, between the erea 

tion of matter and the six dayi^ 

860 
Period, geological, defined, 66 
Period historic, terraee, beaeh, 

and oeaar and drift, 61, 286 
Periods of geology, lon^, 199 
Period of orgame being on the 

globe, 112, 196 
Perkins, Rey. Justin, spedmeni 

from, 884 
Perkins, Rey. J., 64 
Permian system, 71 
Persia, geology o^ 888 
Petrifaction, its nature^ 4ni, lOpi 

Recent, \b. 
Petroleum, 280 
Petrosilex, 84 
Pezohaps solitarius, 166 
Phillips, Prof. John, his damilkMp 

tion of rocks, 47. Unstratfiled 

do., 80 
Phonolite, 84 

Physico-theolopfical school, 869 
Pic, volcano of 291 
Pierre i Bot, 242 
Pitch lake in Trinidad, 281 
Pitdistone, 91 

Planetary space, tfoap^nitura o( 808 
Plans of the Deity as shown by 

geology, 844 
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Pknti^KMi], w ^ farmfttiona, 122 
nnU, geologMftl itete o( 818, 

827 
PlatMr^i gHHitk 868 
PlatUMim, whtart firand, 18 
FlatrptwiM, 184 
PUjiiir'* iUnstntioiM, 860 
FUiioMHim^ ■kaioh o^ 160 
FlioeflDd ilriilA»67 
Ploi on orgHuo NDMH, 868 
Plumbago, wfaera found, 67 
Flaftonio rods dMcribed, M 
Platooian thoory, 860 
FkeCropiit, 184 
P^daUfto(216. KmlwnVmint OP, 

881 
P oiwon ' i oMeotioe i to intanialhoat^ 

826 
Maad, gootogj oi 878 
Fblonutfoliat, 184 
FolTiioaia, goob^ o( 888 
FolTIMuriA, agooey of, 188, 281 
Polypi, or polypariai aketohoi^ 188, 

182, 281 
PoWthalamia, from ^mmid of 

(Aeopa, 881. W«ai aide of An- 

U-IibBniia, 882. OfnaarDamaa- 

eiia,iK Of Moant of Oliyaa, 888. 

OfBaTroot»882 
Polythalamia, i^tohaa by Fk^eaior 

Buley, 882, 888 
Pompaii boried, 291 
PopooatapeU, 292 
Porphyry deaeribed, 81 Whare 

fomid, 66 
Portland atooe, 70 
Portugal, geology o( 876 
Potaaaa in the earth, 64 
Predom atonea, where found, 68 
P^eeioaa atones in the U. States, 

408 
Ptre&oe YU, do. to 8d edition IX, 

Do. to 26th XL 
Primary oonglomeratea, 77. Pla- 
tonic rooka, 94. Rodka defined, 

76. P^^ribed, 16. Their origin, 

819 
Primary limestone, 78 
Prodnotna, aketch o^ 160 
Plrogresston, organic and inorganic, 

882 
ProapecMye beneyblenoe, 848 
Protogine, 79 
Protozoic rocks, 76 



Pftyvidenoe of God oyer the workt 

840 
IVoTinoea, botanical and loologiaal, 

108 
Pterodac^le, akatoh o( 162 
Pteroaanria, 168 
Pyrosenic porjdiyry, 84 
Pythagoraa^ hia yiewa of theolcgy, 

867 
Pnrgatoriea, 222 
Pnigatorica of Newport B. L 222 



Qnaqimyeraal dip^ 40 
Qnarta rock, 77 



Radiate, 186 

Raindrops, impreasiona of on atone^ 
189. Do. on day, 190 

Rana ddayiana, 164 

Ray'a theory of the earth, 869 

Reaaoning in geolqgy, baaia o( 
201 

Recent Platonic rocka, 94 

Red Riyer Raft, 286 

Red aandatone, 71. Of Noya Bco- 
tia, N. England, Kew Jeraey, Ae., 
899 

Red snow, 148 

Rdigion, natural, with geology, 
889. Reyealed da 846 

Reptiles, 168 

Rhmoceros, fossil, 178 

Rhone, delta o^ 214 

Rivers, their agency, 214 

RobinsoD, Dr., on the dties of the 
plain, 802 

Roekes moutonnes, 209, 247 

Rock salt described, 66. In United 
States, 264. Where found, 64 

Roddng stones, 66. In Barre, ib. 
In FaR River, ib. 

Rocks, chemical composition of, 68. 
Defined, 20. How worn down^ 
227. Primary, stratified, their 
origin, 819. Useful, their situa- 
tion in the earth, 66. lithologi- 
cal characters, 60. Smoothed 
and striated, 248. Embossed, 
247 

Rocks pUpate4 in U. States, 42 
in th^ Alps, 48 



Rocka, striated, 248. Stratified 
and Uostratified,* 21 
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Rooks, fossiliferoTus, hov formed,! 
ZS*l. Deposited by water, bow, 
68 

Relative age o^ 94 

Rogers, Fro£, system of classifica- 
tion, 48 

Roman cement, 26 

Russia, geology o( 878 

S 

Sanroid fishes. 111 

Saurians, fossil, 108 

Sam'opus, 186 

Sauroididmites, 181 

Saliferoas system described, '71 

Salt rook, its origin, 28*7, 284. In 
Siberia and Mezioo, ib. Salt 
sprinn, 288. Their origin, 288 

Sandwidi Islands, volcanic, 298 

Saturn covered by a fiuid, 828 

Saossure on the Alps, 860 

Scandinavia, a centre of dispersion 
of drift, 288 

Scheuchzer on fossil fishes, 858 

Schools of minies, 860 

Sdavonia, geology o^ 8*7*7 

Scorpion, fossil, 161 

Scotland, geology ot; 8*72 

Scrope's classification of unstratified 
rocks, 81 

Sea bottom, ancient, 268 

Sea beaches, 268 

Seals, their number, 281 

Seam defined, 21 

Secondary Plutonic rocks, 94. Sec- 
ondary rocks defined, 68. De- 
scribed, 68 

Section, ideal, of the earth's crust, 
18a In Amherst, Palmer and 
Uxbridge, 266, 267. Ideal of 
section of terraces, 264 

Sections, geological, 98 

Sedgwidc on metallic veins, 887 

Sec^wick's classification of rocks, 47 

Sedimentary rocks, 68 

Seneca oil, 281 

Septaria, 26 

Series, 88 

Serpentine, 90. Where found, 56 

Seybert, Dr., 868 

Shark, fossil, 155 

Shells, chambered, 147. Their ver- 
tical ranse in the strata, 118. 
The number of living and fossil, 
108, 109 



Siberia, geology o^ 886 

Siberia rich in gold* 885 

Sigillaria, sketch ot 128 

Silica in the earth, 54 

Siliceous marl, 68. Sinter, 68, 280 

Silliman, Prof, his journal, 868 

Silurian system described, 74. In 
Europeaud N. America, 75 

Silver, where found, 58 

Simple substances in the earth, 58. 
Minerals in the rocks, 64 

Sinaite, 88 

Sinter, siliceous, 280 

Sivatherium, 178 

Skaptar Jokal, quantity of lava 
tmrown from, 292 

Shark, tooth o^ 156 

Shepard, Prof, his wcNrks, 868 

Slide on Mt Lafayette and White 
Mts., 208 

Slime pits near the Dead Sea, 801 

Smith, Dr. J. P., his views of 
creation, 851. His introduction, 
XV. 

Smith, WuL, his labors, 861 

Soda in the earth, 54 

Sodom and Gomorrah, ruins of 
discovered, 803 

Soil, its composition, 61 

Soils a proof of Divine goodneasi 
841 

SoUtaire, 166 

Solfatara defined, 288 

Somma, 808 

South America, geology of, 891 

South Africa, geology o^ 8.90 

Spain, geology o^ 875 

Species had once a wider range, 
104. Their distribution, &., 
108. Living and fossil com- 
pared, 119, 196. New, how in- 
troduced, 281 

Spinz, rock of, 141 

Spiders, fossil, 151 

Spirifer, eketdi o( 161 

Spirals, 148 

Springs, gas, 284. Phenomena oi^ 
281. Salt in the United States, 
284. Their origin, ib. 

St. Oroiz, geology oi^ 894 

Stabiffi, buried, 291 

Steatite of N. England, 78 

Steropezum, 188 

Stignmria, sketch o( 128 

Stinkstein, 72 
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StoMffidd tiate. '70 

Sinbo oo geolpgj, 867 

Stnia, bentk 48. BleT»tioa ot 48. 
How identified, 106. Defined, 
21. Orertamad in N. Ens^and, 
48. In the Alpe, 44. Their 
tbiekneaa, hov Imown, 79. In 
England, 80. Europe, 79. Peon- 
■jlrania, ib. Tanru, 79 

Stratified roeka, depoaited from 
water, 67 

Stratifioation defined, 21 

Stria by glaeien, 209. By drift 



SynoUnal azia, 40 
^ria, geology o( 879 

and Palestine, Ihwfwtona 



annoy, 244 
;tr&eofatrata»87 



8 

Stromboli, 294 
Stmetnrea in roeka, how oanaed, 
29 

Snbmarine fixreati, 299 
Submarine ridfea, 260. In An- 

dover, 260. In Ohio, 268 
Subaidenoe on Columbia river, 297. 

Other caaea, 298 
Subterranean foreata, 180, 181 
Sulphur in the earth, 68 
Sumbawa, eruption in, 290 
Sun, ita present supposed state, 318. 
Superposition of fossiliferous rocks 

and hypotoio, 41 
Surface geology, 286. llieories of^ 

269. First do, 269. Second do., 

270. Third do., 271. My own 
do^278 

Soryey, geologiea], of K. OaroUna, 
S. Carolina, Massachusetts, 866. 
Of Tennessee, Maryland, Arkan- 
sas, 866. N. Jersey, N. York, 

866. Of Virginia, Maine, Con- 
necticut, PennsTlyania, Ohio, 866. 
Of Delaware,. Michigan, Indiana, 
Rhode Island, N. Hampshire, 
Georgia, Kentucky, Louisiana, 

867. Iowa, Wisconsin* Minnesota 
and Missouri, 868. Of Vermont, 
Erie Canal, Kova Scotia, New 
firunswicik, Canada, France, 868. 
Of England, 869. Of Austria, 
870 

Sweden,, ^logy o( 878. Its 

shores rising, 298 
Switaerland, geology o^ 876 
Syenitic greenstone, 86 
Syenite described, 82. Where 

found, 66. Of Quincy, 88 
Synchronism of rocks, 106 



from, 881 
System of things the same in aU 

ages, 197, 286. Present had a 

b^ginninff, 889 
Systems of deration, 191. Of or 

ganio beings on the globe, 196 



TsUe of organic remaina, 108, 109 

Taooaa,Tolunic, 290 

Talcoee, slate, 77 

Tsrtary, geology oi; 886 

Taylor, Jeremy/his views of dettOiL 
866 

Tdeoaanri, 168 

Telerpeton, 168 

Temperature of the globo from ex- 
ternal sources, 806. Internal do, 
808 

Temperature of springs in mines, 
808. Oftherockinda,809. Of 
Artesian wells, 810. Inoreaae 
of towards the centre, 81 L Ten- 
eriffe, 808 

Terebratula, sketch oi, 160 

Terrain defined, 88 

Terraces, 268. In Maaaachusetta, 
K. York, Switaerland, 266. In 
S. America, 266. White Moun- 
tains, 266. Lake Superior, 266 

Tertiary strata, 67. Described, 41. 
Plutonic rocks, 94 

Theory of Oscus, beachea and ter- 
races, 267 

Theories of the earth, 867 

Thenaropus, 186 

lliermal springs, 800, 810 

Thibet, ffeology o( 886 

Tides, ttieir geological eflbet) 221 
224 

Tilestone, 74 

Tin, its ores and situation, 68 

Titan's pier, 87 

Titan's piazza, ib. 

Toadstone, 86 

Toads preserved in rodra, 99 

Tortoises, fossil, 168. Tracks o( 
166 

Totten, his experiments on the ex- 
pansion of rocks, 816 

Trachyte described, 86 

Tradfiytic lava, 90. Porphyry, 84 
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Trui^ks, human, 188. Of aaimalB, 
178. How preserved, 187. In 
Scotknd, England and Germany, 
178. In Saxony, Columbia, Nova 
Scotia, Pennsylvania, N. York 
and Canada, 180 

Trains of blocks not rounded in 
Richmond, dbo., 258 

Transylvania^ geoli^of, 877 

Trap rocks, 84. West of Rocky 
Mountains, 89. On Lake Su- 
perior, 89. On Columbia river, 
89. In Rowan Co., N. Carolina, 
89. Tuff; 91 

Travertin, 68. How formed, 229 

Tree ferns, 126 

Triaenopus, 184 

Triassic system, 71 

Trilobites^ fossil, sketch of, 162 

Trilobitus, eyes o^ 168 

Trinidad, pitch lake in, 280 

Tu£a,68 

TufEuseous conglomerate, 91 

Turtle stones, 26 

Tu£^91. Volcanic, 91 

Turkey, in Asia, geology, 879. In 
Europe, 878 

Typopus, 184 

U 

Ulodendron, sketch of, 128 

Ultra-tropioil character of organic 
remains, 121 

Unger, hia classification of rocks, 
46 

Uniformity of nature, 201 

United States, geology 0^896. Geo- 
logical map of^ 98 

Uni^ of the Divine plana in all 
ages, 840 

Unstratified rocks, 80. Lithological 
character of, 60. Of igneous 
origin. Varieties, 81. Origin 
of; 804. Their fusibiHty, 96. 
Their mode of occurring, 81 

Uralain mountains, mines in, 878 

Upper new red sandstone, 71 

Upper Silurian rocks, 74 

Useful rocks and minerals in the 
earth, 55 



Valley of the Ifississippi, geology 
0(400 



Valleys, how fonned, 89, 841. 01 
denudation, 216. Of elevation, 
216. Of subsidence, iK Of 
the Connecticut, 216. Terraced, 
215. Transverse and longitudinal, 
216 

Variegated marl, 71 

VegetaUe life, when begun, 11 L 
Remains, 122 

Verneuil, on the Sili<»an rocks, 76 

Vertebral animals, 158 

Vesuvius, its action, 290 

Veins defined, 81. In Lowell, 81. 
In Beverly, 84. In Chester, 
86. In Oohasae, 88. In Col- 
rain, 85. In Oonwar, ib. In 
Cornwall, Eng., 82. m Salem, 
84. In Westhampton, 88. Me- 
tallic, their width, 836. How 
fiUed, 837. In Cornwall, sketdi 
o( 887. Most productive near 
unstratified rocks, 836. Rocks 
traversed by, ib. Of injection, 
81. Of segregation, 81. Their 
relative age, 82 

Vertical movements of land, 195. 
Numerous, ib. Without Earth- 
quakes, 298 

Vertical range of animaTs and 
plants, 116 

Vesuvius, 290 

Villarioa, 294 

Volcanic action defined, 288. Hy- 
pothesis of, 818. Ageaar bene- 
ficial, 842. Breccia, 91. Craters^ 
ancient, 801. Glass of Sandwich 
Islands, 91. Power, its seat, 
296. Tufi^ 91. 

Volcanoes, central, 289. Extinct 
and active, 288, 800. In lines, 
289. Products of, 90. Sub- 
marine and aSrial, 288. Their 
number, 289. New island, form- 
ed hy, 292. Constantly active^ 
294 

Von Buch on craters, 291 

W 

Wacke described, 86 

Water, its distribution, 841. Id 

the rocks, 55. Its expansion in 

freezing, 207 
Waterhouse, Dr., 868 
Watt's experiment on Basalt, 90 
Waves, their effect, 221, 224 
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WcoloekahAlA, 75 

Werner't tliaory of Um mtfh, Z90. 

Of Teiiia, 887 
W«ti Afri«% gMlflgy o( 890. In- 

diM»898 



Whitrand^ Ue, skatdi oC 282 
859 



Woodi 



theory of Um oarth. 
World kttd a bcsiiiahv, 840. lU 



■impOMd otcndfcf , 8S9. Bi 
fiOlea ^^16^848 



Zechiitein, 72 

Zeoglodoo, 167. Sketch o^ 168 
2<iiie, ita ores and sitnatian, 68 
Zoologioal proTinoea, 108 
Zoophjtaa. thehr rertieal ranga 

the atrate, 116 
Zoophyta, 148 
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L FASQUELLE'S NEW FRENCH OOOESK 

$125. 

n. A KEY TO THE EXERCISES IN FAS- 

qnella's French Conrae. 76 cents. 

m. FASQUELLE'S COLLOQUIAL FRENCH 

Conne. 16 cents. 

IV. FASQUELLE'S TELBMAQUE. 62 1-2 cents. 
V. NAPOLEON. BY ALEXANDER DUMAS. 

With Kotea, <be. by Louis Fasqnelle, LLC 78 cents. 

VL HOWARD'S AIDS TO FRENCH COMPOSI- 

tion. A Companion to Fasquelle's French Coarse. $1. 



Vn. TALBOT'S FRENCH PRONUNCIATION. 68 

cents. 
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L FASQUELLE'S NEW FRENCH COUESE. 

$125. 

Fasquelle^s French Conrae U on the plan of ^ Woodbory^s Meibod with German.*' 
It pursues the same gradual course, and comprehends the same wide scope of instruo- 
tiou. It is most eminently practical ; worlcs admirably in the elas8'ix>om. It will be 
ionnd eveiywhere equal alike to the wants of the teacher and the pupil, indicating in 
the author a clear and profoond knowledge of his natire tongoe, added to ocnsammate 
■kill in the art of imparting it. 

V0TICE8. 

JVmi tk0 JVeis York EvangelUL 

«* It is a rery copious and elaborate work, supplying the papU with the material 
tur all his neoeasury elementary study, and going over the ground with great thorough- 

JVmi tie JVm9 York C0mmereial Advertiser, 

**Thi8 grammar Is designed to teach reading, speaking, and writing the French 
language, upon the same system which Mr. Woodbury has so soooeMftiUy applied 
to German. Combining the analytic and synthetic principles of inatnietlon, U will 
perhaps be more generally useftd than any other on the same subject.*' 

JW» Os PhUadelpkia Enquirer. 

**FasqpeIle's New French Course fs erldently a work of more thas onlinaty 
ability, Mid is the rssvlt of much labor and reaearch." 

66 
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PUBLISHED BT lYXBOST AND PHINKET, KEW YOBE. 



FASQUELLE'S KEW FBEIfCI COUBSE. 
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* McMBS. Ituoii Am PaimrBT t 



*« Urbajca, April 13lh, I8M. 
In tbe IVeoeb Lttngaago, ud darinc my 



stay of Mvvrml jmn is Borap^, I tpMit one jmr in Paris for the nke, among oaiOT 
thliivi, of aoqnirfng the langnage, ana I do not hesitate to say, that * Fuquelle's Fi«oeh 



Oottne,' on tba plan of W«Mlbary*fe MeUiod with the German, Is niperior to any other 
nnnch frammar I hare mk wttlu fvr teaching French to thoea whoee niother4ongae 
iaEngUah. Itcombinea^ln anttunlrablemanner,theezeellenoeaortheold,orclaariC| 
and the new, or ODamlortan methods, nToiding the Ikolts of both. 

** As I consider the rapid and thoroofh acqnlsltiOD of this langnage of the <noble 
nrench nation,* whoae hMofy is emphaneally the history of Emope, and of modem 
dTlllsation, as a meal deslrahle aceompllshmeni, I am gnUUled to forward efevy im- 

' acqairing it I am glad, therefore, to promote^ In every 
it * Or. nsqnal]e>B Course/ 



proToment In the 



of acdjairing 
proper way, the dradatlen of 



BespeelftHy, yonn, 

J0BVHWILUAlCnEIIK8k ^ 

PraiMior of Ijaagnage in the New Ghnreh Univwrilj 
at UriMuia, Ohio. 

JWai Pr»f, JUfk9n99 Brvnnsr, tf OincnMurti. 

**HaTtng ben a te ach e r of my Temacolar tongne, the French, for ten yeava, both 
In Fiance ahd In this country, I coniider it my duty to state, that I hare used Dr. Fto- 
qnalWs New F^«neh Orammar ever slnoe its pablleatlon, and thaL in my opinton. It Is 
die best book yet prepared to fadlitate the aequicement of the Trench language. It 
combines the praonciu or oral qritem, with a thorough grammatical comf se t wo thiaga 
Indispensable in nequiring a liTlng language. I recommend It, thertfore, aa siqierior 
to the old thecMnstlcal grammars, and to those worts rejecttng grammar altogether. 

**The Colloquial Beader, and the edition of T6l§maqiie, prepared by the same 
amhor, win be found equally ▼aluable.'' 



,: 



Extrmet fram a /ctt«r frpm tk§ tam» gemtUwuuu 

ma languaiGlnclnnati; quand votre gnmmalic 

de radopter, car 11 y avmit tongtomps que je d^tirais un ouTrage 

un caniolftra pratique, me permit de donner & mes AMtcs fetto 

laquelle <m no peut saroir nne langoe qu^lmpar- 



«Je 
pamt,Jem*( 
qui tout en 
connalsiance 
foltemenL" 



JiWai Frw/. JimgmtU D'OwvO/e, PkUuddpkU. 

** Je cherebali depuis longtemps un liTre que pAt plaire aux ^Uvea en lea Inatrul- 
sent, et fhciUter en mAme temps la tAche du profosseor. J'ai enlln trouTfe cea d i ^ ws es 
qmait^s portees A un tris haut degr§ de perfection dans le ^French Course' de M. 
raqueUe, et dds oe moment Tai Ikit adopter ce Uvre dans toutes les losUtutlona on 
Je rals, et auisi par tons mes «dves particaliers. Je oonfesse franchement que de tous 
MS Ityres qui me sont passes par ms mains, c*est oelui que J*si trony6 le plus par- 
fUtemeni calcuM et arnmg6 pour fUre acquArir & ceuz qui veulent ^todier la langue 
ftan^alse, la ecnutalssanoe i la fola th^orique et pratique de cette langue. le trouTe 
cheque Jour I'oeeasion de l'an>rteier d*avantage. 

*'Le ^ French Eeader* du mAme autonr est auisi un Urra fxceHent en oe cue les 

moroeaux dont 11 est compost) sont tr6s bien choisla et sont de nature i interesser 

beaucoup les AMtss; et de plus, son STBteme d*ezercices de conTcrsation est tris bon 

pour exercer la mAmoIre des AMres et les forcer A penser en fran^ais, te qui est le 

f«sattat le plus ssssntlel et le plus dUBdto A obteolr. Je Pal ausel adopts pour toutes 
w 
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FASQUBLLE'S NEW FRENCH COUllSE 
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H0TICE8. 
JIW« tk§ JWnv York Omrier wnd Enqninr. 

<*This work embraces both tbe analytical and gyntbelic modes of instraction, on 
flie plan of Woodbury's Method with German. It is tne product of a great deal of 
skill and labor, and appears to as eminently adapted to its purpose. The book presents 
every ftdlity the French learner can erer reasonably hope for?* 

F^nm tke Literary World, 

« Mr. Woodbiiry*ii New Method with German, upon the plan of whidi the present 
work is constrocted, met with the approval of onr best scholars. Our author takes up 
the subject of the French tongue with the zeal of an enthusiast, and eridently has 
labored diligently in reooncUiitt its diffioulties. in the way of students, with the 
EngUsh." 

. JVmi tMe JVeis York Mtrrer, 
**H strikes us as beii« one of the bestrarrsnged hooka t»r begfaafln that we hsre 






Avm tk§ PhiUdapkia Evening RMUeUn, 

<*Th1s woik seems to us to be all that can possibly be needed, in the way of book 
instruction, in acquiring the Wench language. The learner is carried forward, flrom 
the rudiments of the study, by progressire steps, to the complete art of composition 
and conTerBatl<m in Frentin.** 

H-^m Prefeteori of R-otuh in Boston, 

' *< With a view of promoting the diffusion of whatever may tend to flicilitate a 
knowledge of the French language, and as a Just tribute of acknowledgment to the 
merits of Prof. Fasqnelle's Grammar, we, the undersigned, ProflBssors of French in tbe 
dly of Boston, would heartily and unanimously testify, that the said woric is held in 
high esteem and approbation among ua, and that we consider it the very beet hereto- 
fbre published on me subject of which it treats. For the true interest of all engaged 
in the study ot the spoken FNncfa, we would advise its universal adoption. 

««OUILLAUMB H. TALBOT, 

(«T. A.PELriETIEIL 

•B. H. VIAN, 

(«H.SEST, 

<*N. B. H. DE MONTKAGHT." 

JWfli Prof, D. O, M a U orff CUwio Fhn, Smi., BenyvHio^ Fa. 

<* I have used various books on the OUendorf system, and still have classes in two 
of them, but as soon as possible shall exclude all but Fasquelle, which, is^der thorougli 
trial, I consider the best book in the market'* 

JVmi Jirisa S, Woody Principal ofPfm, Dq^artmentj Whiteotown SonUnarf, 

**The proffrees whl<^ our classes in French have made during the past yeaiv baa 
given us abundant evidence of the superi<Nity of FasqueDe." 

Avm E, L.Jtwrffy Etq^ Prinrlptu of Ward Sckool, JVa. 4S^ JWto York City, 

** A careftal examination of Fhoquoll^o Fh^oneh Couroo has convinced me that it 
proposes the best method I have ever seen for acquiring a ooAplete mastery of the 
dloculties of pronunctaUon, the Intricacies of construction, andalM a Just appreciation 
of the beauties of expression of the French language.** 

FVem P. JV. Legendor^ Profoooor of Froneky JVVw Ha»ony Ct. 

** Never has a work come under my notice that blenda so happily and harmonious^ 
the great rival elements of the language. My pupils study it with pleasore." 
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FASQUELLE'S HEW FBEKCH OOUBSE. 
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V0TICS8. 

» fmF.J,F, WArwMg^ Fnf. of M»Um LMUkgwag— m JVVw T^rk CtnOrA CM^t. 

^The tauned aotlMMr haa bronghi belbra the piridie a text-book for tlie aeqniritioD 
oTtl H (tiM FftBcta) laogoafB, at ilie Mune time origtaal and eomplete in itaeU; niper- 
•adkf a^jr wpluHa. beraiofbre In me." 



JiWflitt« PkiUidfkU Xwrik 



•'Hla 



to a TaryftiU and tbonwflli 
▼aloe to both leacheH and ! ■■—■ * ■ *» 



win 



If calonlated to 



kia 



WMm tkt FkHUdpkiA Laigtr, 
It a Tery inrwillent awiattnt In aoqidrinf a knowledge of the 



JiWfli Pftf, J. PfUMw, nf Wm, W^maU HMtttmU, StmmUmy Fk, 

^'nm Fnatk Ooovae U an nnoaoally thoiwiflli and oom^wbenBl^e woik, evidently 
wapara^fwttk great eaRLliir one tally qoaliied far tlM task. I am laliiaed that It ia by 
nr the bMt work of the nod pnbllahiMl in thia ooontry, and ita general drcnlation and 
me In Ckhooia will do mnch to bdlltate the aoquirition of the French langoage." 

JWfli Cffnu Kiuwlttn, Frine^al ofOs Hmghea Bigh &Am£| GmcnuMCt, OU0. 

** It la aome time ilnoe I began to make inquiry for a treatiae on the FVeneh lan- 
goaMuwUlch ■honld.in my ojridlon, meet the wanta of pnpUa ud teachera. Fas- 
! qwUra giammar •atltflea me. It la eTldantly the wofk of a tnorough teachw aa well 
aa a thoroegh scholar. • • • F(« the adroit <tf aueh a woric 

I ihall ever be thanktal, for It plaeea In the hand of both tutor and student a new power 
for the conqneat of knowledge. If the remainder of the secies be as well jprepared aa 
thls^ I see uoUdng more for the student of French to hope or require.*' 



> 



fV«ai W, W. Hammrd, Fnf, in tk§ MUitarf Inttitmttf A'swcastis, JTy. 

*'The i^ ogres i which my pnpOa haye made in three months has hij^y gratified 
thomselTca Iheir parsntL and their teachers, and I attrlbate it with Jmttce to the ^ya- 
tematlc and |«actical, yet simple plan of the work*** 

JWfli BT. J, Dom/ut^ Ttaektr tifF^nekin SLCJt^Ft 

<*T1ie aakbor haattn my opinion, rsndsrad a mat aenriee to the teadier aa well aa 
to the stodeat of the French langnage, in preaennng them with this Talnable goide. 
The AillAd and ample manner in which the TWba are treated in this book would atone 
make it the beat eitanl on the IVench language." 

AvM tie WaUkmum and R^Uetor^ Ft. 

<* This work, aa stated in the title-page, foDowa the plan of Bfr. Woodbniy^fe 
cessfnl book for learning German. Ita aim is to make progress thorough in the 1 
way, by teaching the science and the art of the tongue. Uke that book, it embraesa 
resaing4essons and a rocabulary." 

JVmi tJU MModiH (^narterlif Rmritw, 
* The woA Is done eyerywheve with conscientious thoroughness." 

Rrom the Jfew Have* PulladinM, 
^Tbe work Is exceedingly raluable^ and will have an Immense aale.'* 



^*<v*« 



fS^om the Detroit fVM Preee* 
** It seems to us most decidedly superior to any work of ita kind ever pubHshed. 
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PtTBUSHED BT lYISON AKD FHIIIKBT, ITSW TQBE. 



FASQUELLE'S HEW FRENCH COURSE. 



noTicss. 

JIVmr tke'Jfew CSturdk AitpMitory* 

c^Theie worics (Woodbury's New Method with German, and Faaqnelle's New 
F^renoh Oonrse) are constructed oh a plan admirably suited to the purposes of a 
grammar. The theoretical and the practical, the principle and the application, the 
doctrine and the illustration, are most skilfully blended in the execution of the woriL 
From our own OEpwience of their utility, we can safely recomm^id them as ezceed- 
ingiy Yaluable manuals to the student of either language." 

JiVom Zun?s Herald, 

*^ It presents the true method of study, conducting the learner by such gradual and 
Interasting steps oyer the diiBculties of his path, that they seem to yanish at his q»- 
{MToaeh. In fiict, it seems to us scarcely cajMble of improyement." 

JPhmi D, E. Hatkins^ LawM, Ma**, 

** I write to express my admiration of Woodbury's German, and Fasquelle's 
IVench System. I Use them exdusiyely in my school. I do not mean to say that 
these books are fruitless; but I do regard th^n as a great improyem«it upon OUen> 
dorf and the old grammars." 

JiVom Charge Speneer^ A,M^ Author of em Engliek Cfranmer, 

*^FasqneIle*s French Ck>urse cannot but bo acceptable U> teachers generally aa well 
asthepriyale student." 

Urom E, E, E, Bragiont A,M,j Principal ofFMeff SenUnerf, 

**I haye examined somewhat fiiithfttUy and critically Prof. F^ueUe's French 
Course, on the plan of Woodbury's Method with German, and I am confident that II 
excels, in many important putioulars, any elementary French Gourse with whidi I am 
acquainted." 



n. A KEY TO THE EXEBCISES 

quelle's French Course. 75 cents. 



IN PAS- 



.L 



m. FASQUELLE'S COLLOQUIAL FRENCH 

Reader; or, Interesting Narrativcf fiHim the best French 
writers, for translation into English, acooiupanied by ConT«r- 
sational Exercises. With Grammatical References to Fas- 
qneUe's New French Method, the explanation of the most diffi- 
cnlt passages, and a copious Vocabulary. By Louis Fasqudle^ 
LL.D. 260 pages. Duodecimo. 75 cents. 

rV" FASQUELLE'S TELEMAQUB ; LES A- 

rentures de T616maque. Par M. F^nelon. A New Edition, 
with Notes. By Louis Fasquelle, LL.D., Prot of Modem 
Languages in the University of Michigan. The Text earefully 
prepared from the most approved French Editions. 62 1-2 cents. 

Fasquelle^s **Telemaque'* presents this splendid production of F^nelon in a beau- 
MAd mecbanical dreso, with copious references to Fasquelle's Grammar, full notct ex- 
planatory of difficulties in the text, and a Aill vocabulary. It Ibrms a fine school 
edition. 
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tVKJSBMD BT lYIBOIT ASH PHIimBT, NBW TOBX. 

FASQUELLE'S IE¥ FRENCH COUESE. 



V. NAPOLEON. BY ALEXANDER DUMAS. 

Amuiged for Um «m oI OoU^gw Mid Sehools ; with Conver- 
■fttioiMl KxeroiMi on the plan of Fasqudle't CoUoqniAl French 
Reader, ezplemitoTy Notee» md Idioowtieel and Grammatieal 
Befereneea to the " Few Freneh Method." By Louis Fa8<pielle^ 
ULD., Profeaeor of Modem Languages in the TTniYersity of 
Michigan ; Correspo n ding Membw of the National Institute, 
Washington, Ae., io, *I$ cents. 

VL AIDS TO FRENCH COMPOSITION; being 

a Companion to FasqneUe's French Course ; or, ProgresaiYe and 
InstmctiTe Exereises for the practical application of Gram- 
natical Rnles to writing French; with a Gnide to Fanuliar 
and Commereial Correspondenoe^ Business Forrns^ copious 
Notes and References^ ana a Vocabulary of Commaroial Terms. 
By W. W. Howard, late Prof of Ancient and Modem Languages 
in the Western Military Institute, Kentucky. "Longum iter 
est per pnseepta ; brcTe et efficaz per ezempJa." $1* 

This woik to Intended to mpply what has ben fUt by numy fartelligent tendien 
and iCodento of the Freneh language to be a deelderatum, yto^— a ooune of inatnicttTe 
and entertatntogpgogreiilTe exwciaee for the praetioal appUeation of grammatieal 
ralee to writing French. Commencing with short sentences, all oonyeytaig some moral 
hnthf or Interee t lng Inftmnatfon, and exemplifying soeoesriTely sll the pecoliaritles of 
Freneh eonatroeUon, It cradnally adranoes to extended exercises in aeseriptive and 
Milorleal namtlon, translated, for the most part, from the best Fnneh writers. Notes, 
grammatical references, and translations of the most dllBcalt words and phrasea, are 
Bberally sappUed, till the student to rendered capable of dispensing with such aid. 
To make tha book more extensiT0ly useful and aeeeptable, it inclines instructions for, 
sad a dioiee saleetlon of eaanples of, fiunlllar and commendal oorrespondence^ bnslnesa 
formi^ and a ToealNilaiy of conunercial terma. 

Vn. TALBOT'S FRENCH PRONUNCIATION. 

Philosophy of French Pronunciation; or, Pronunciation in 
Twenty-four Bules^ with Systematic Explanations and Practice 
in Prose and Poetry, and Extracts for Translation. By 
Ouilaume H. Talbot Duodecimo. 68 cents. 
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VOTIOXS. 

<* TUbot^ Fkeneh Pronnnelation eontalns all that to 

tn pronoonelng the Franeh ]aagiiage-4>y Ihr the beat qntem 



to 




V^the 



Prolk. Longfellow and G G Felton, of Hanrard OoDege, having taken pains to 
nine the system of Pronunciation, kavt 9*preg$0d their eomietiau efiu 
sMPfte, and kindly pennitted nt to use thdr names as 



#Voai Wm, F, Pkeip»^ Pnfttsor in StaU Jformal Schoely Albtatf, 

**HaTtng had the pleaaore of attending a Goone of Lessons, by M. TklboL tn 
Ftencih Pionundatton, i do not hesitate to say that more can be aooomplUhed Ify the 
method of M. TUbot, teHs lenvnt, than in tmentif^our by the usual process of la- 
smwOon." 

•0 
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L WOODBURY'S NEW METHOD WITH 

GermaiL $1 50. 

IL WOODBURY'S SHORTER COURSE WITH 

GermaiL 75 cento. 

m. KEY TO WOODBURY'S SHORTER COURSE. 

50 cento. 

ly. WOODBURY'S ELEMENTARY GERMAN 

Beader. 75 cento. 

V. WOODBURY'S EOLEOTIO GERMAN 

Beader. $1. 

VL WOODBURY'S GERMAN-BNGMSH AND 

English-German Beader. 25 cento. 

vn. woodbury;'s new method for gee- 

mans to Learn English ; or, Neue Metb^de zor Erleraimg der 
Englischen Sprache. $1. 

Vm. ELWELL'S GERMAN DICTIONARY. A 

Neir and Oomplete American Dictionary of the English and 
German Languages, with the Pronunciation and Accentuation 
according to the method of Webster and Heinsins. By Wm. 
Odell ElwelL New Stereo. Edition. $1 5a 



The attention of those interested hi the ftady of Germaii Is apeeially inTited to the 
serenl works composing this series. 

They have been satjecled to a riffid examination on the part of the most com- 
petent judges, and fully tested in the class-room by the most able teachars. Snch, i» 
deed, is the foyor ererywhere accorded to them by those ftilly conversant with the 
German tongne, and snch uniformly their efficiency in the hand of the student, as to 
justify the utmost confidence in commending thmn as forming decidedly the besl 
Germaa Oouise ever yet oflfered to the publle. 
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POBUSHKD BT lYISOy AND VHJNSZT, NEW YORK. 

WOODBURY'S COMPLETE GERMAN SERIES. 
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L WOODBURY'S NEW METHOD WITH THE 

Omrnan Langaage; embracing both the Analytio and Syn- 
tiieti« Modes of Inslarnction ; being a plain and practical -wmj 
of aeqniring the art of Readin£^ Speaking and Composing Oer> 
man ; containing likewise a choice selection both of Prose and 
Poetry ; to which a complete Yocabnlary is appended. By 
W. tt Woodbury. $1 W. 

VOTICSB. 

fyom tk« fVaiekmtM mnd Ji</CaeC#r, (BoMUm. 

** Ito pUn ia highly approred br competent Judges, aa simple tanA philoaophiea 
leading to tlie knowledge of ttie scienee and the art of the language, thus making 
gresB thorough.'* 

JVmi W, H. AU&h^ FretidttU •/ Gtrortf College, 

**Tbe New Method with German contains all that Is necessary to make the aeqnl- 
titton of German easy and dellghtAil to the student. Its style is perspicuous, ite ar- 
rangement natural, iod its method, oombining as it does the practical with the 
theoretic, is well adapted to all classes of learners. The * Eclectic Gwman Reader,' 
and * Shorter Course with German,' I consider deserring unqualified praise." 

JVmi O. FamUe^ A,M^ Principal of OMo We$. Female College, 

** After a careftel examination of Woodbury's Method with German, I am ocmvinced 
of its superiority over any other that I hare seen on that sta^ecL** 

F^om Profeoeor J, C Pieard, Illinoit Crilege. 

** I hare examined careftilly WwMibury s Method, and have no hesitation In 
pronouncing it decidedly superior to any other German grammar of which I baTe any 
knowledge. It meets the wants which 1 have felt as student and as teacher." 

JiVom tke fForeeeUr (JlfM«.) Palladium. 

**Tbi» plan of this book is philosophical and practical, more so than any oliier 
which has oeen proTided for learners of the German language. Beginning with the 
elements of the study, it presents a plain and practical way of acquiring the art of 
reading, spealdng and composing German." 

Fhna the Mlational Mfigativw, 

** Mr. Woodbury's Text-Books have recelyed general sanoilou ; they are fiist die- 
placing others in our academic institutions. We will gufurantno for the preference of 
any teacher who will test them." 

F^rom A, B, Hyde, A.M,, Prof, of Languages in Oneida Con, Sem, 

**I have carefully examined Woodbury*s New Method with German, and am de- 
lighted. It is far the best scheme of language-leaming with which I hare ever becooie 
acquainted." 

From A, S. Mutehene, A.M,, Prine^tU of J^Torwaik (Ohio) Institute, 



\J. 



*^l\ is with feelings of real pleasure that we grept Mr. Woodbury's New 
Method w'..h the German, as a valuable addition to our means of acquiring thto 
noble language. He has struck out a new and independent coarse, and has hil 
upon happy method of treating the language." 
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